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Introductory. 


The marine fauna of Japan is interesting by reason of its 
peculiar facies due to the mingling of tropical and arctic elements. 
This peculiarity is also apparent in the ophiuran fauna, which is 
by no means poor in species. The Japanese ophiurans in the 
collection of the Zoological Institute of the Imperial University of 
Tokyo number more than one hundred species, but they have not 
been thoroughly studied. Dr. Izuka was the first Japanese zoologist 
who undertook a study of this group, and he was followed by 
Mr. Kawamura, who has kindly handed over to me his drawings 
and separates of several valuable papers in his possession. To 
Dr. Izuka also I am indebted for the use of some publications, 
and to both gentlemen for helpful advices. 
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My own study of this group was undertaken at the sugges- 
tion of Prof. Goro, to whom my thanks are due for supervision 
and the revision of the manuscript. Dr. Taxanasur of the First 
High School and Mr. Ixepa of the Seventh High School have 
kindly permitted me to study the specimens in their charge. I 
owe specimens to many other friends, to all of whom my hearty 
thanks are due. Especially, I have received a great help from 
Dr. HvgsERT L. Cuarx of the Museum of Comparative Zoology at 
Harvard College, in the form of many precisely determined speci- 
mens in his charge and of some very helpful adviees, and my 
best thanks are due to him; and it was due to his kind sugges- 
tion that a preliminary paper of the present study was published 
in Ameriea. Finally, I ever recall in mind my friend, ΠΙΡΕΚΙ 
Cursa, who met with an untimely death a few days after assisting 
me in dredging for my materials in the Sagami Sea, and to his 
memory I dedieate the present paper. 

My original purpose in undertaking the present study was 
inerely to identify and name species. But I soon found that, the 
classifications of Ophiuroidea hitherto proposed were very unsatis- 
factory. Indeed, their imperfections became a haunt to me; so I 
determined to adopt a new classification of my own. 

For this purpose, I have dissected representatives. of as many 
genera as are accessible to me; and the following are some of the 


more important results obtained. 


A. Morphological. 


1. Those forms that have arms, which are eapable of being 
coiled vertically, have very compact oral skeleton: the adoral 
shields are entirely proximal to the oral shield, being firmly united 
to it; the oral frames are very stout, those of the same radius 
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being firmly united together; tho peristomial plates are entire and 
more or less soldered to the oral frames; ἕο. The vertobro 
are very short and stout and have streptospondyline articulation ; 
and all or some arm spines are converted into compound hooks. 
E.g. Ophiobyrsine mihi; TZrichasferide mihi; Gorgonocephatide, 
Ophiacanthide pars; Hemieuryalide mihi; Ophiopholis; and 
Ophiotrichide pars (certain forms, as Ophiopholis and Ophiotrichide 
pars, in which the tendency of coiling of the arms is not very 
strong, have, however, rather zygospondyline articulation of the 
vertebre). ο ον l 

3, The more or less divided vertebræ are found only in 
certain genera with horizontally flexible arms, but never in those 
forms in which the arms are capable of being coiled vertically. 
These two results are evidently serious objections to Bert’s classi- 
fication, because the greater part of Brrrs Streptophiure have, 
according to my own observations, horizontally flexible arms and 
more or less divided vertebrae, of which the articulation is typically 
zygospondyline, instead of being “ primitive streptospondyline.”” 
For the same reason, I am unable to believe that, Grecory’s 
Paleozoic Streptophiure, or SrüRTZs Protophiure have stropto- 
spondyline articulation of the vertebre. 

3. The more or less divided vertebra are of two kinds. 

a. Those which are divided into halves by a single fusiform 
pore, are found in those forms in which the dorsal side of 
the arms is more or less unprotected. E.g. Ophiohelus ; 
Ophiogercn ;  Ophiosciasma ; Ophiostiba; | Ophiohyalus ; O- 
phiomyra ; «ο. | l 

1) As to the imperfection of Berr’s classification, see the following papers:—lIcERNa B. J. 
Sorras, On Cnachaster, a Carboniferous Brittle-Star; Philos. Transact. Ser. B, Vol. 204, 1913;— 


ΤΗ. MonvENSEN, On the Alleged Primitive Ophiuroid, Ophioteresis elegans BELL, &e.; Mindeskr. 
for JAPETUS STEENSTRUP, 1913. 
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b. Those which are divided into halves by a series of small 
pores or by a moniliform pore, are found in those forms 
in which the dorsal side of the arms is entirely protected. 
E.g. JMicrophiura ; Ophiologimus ; | Ophiothamnus | emend. ; 
“ Ophiactis” pars, ie. my Amphiactis ; ** Ophioconis" pars, 

ie. my Ophiuroconis and Ophiurodon ; Astrophiura ; &c. 
4. Those forms with quadrangular and stout teeth have oral 
frames with well developed lateral wings for the attachment of 
voluminous masticatory muscles. E.g. Amphiuride mihi; Ophio- 


trichide ; Ophioceramis ; Ophiouereidinee mihi; and Ophiocomide. 


B. Systematic. 


1. Astroceras, Trichaster and Euryale have a certain common 
structure, by which they may be distinguished from either Asteronyx 


or Asteroschema. 


9. Astrotoma and its allies have a certain distinctive character 


in contrast to Asteroporpa, Astrochele, Gorgonocephalus, Astroden- 
drum, Astrocladus and their allies. 

9. The Amphiuride mihi and Ophiotrichide stand in a very 
intimate relation in ther internal structures. 

4. “ Ophiactis” pars, ie. my Amphiactis is a connecting link 
between the Ophiacanthide and Amphiuride. 

5. The Ophiolepidide, Ophiodermatide and Ophiocomide form 
together another compact group. 

6. The **Amphiuride" pars, ie. my Ophiochitonide are by 
no means allied to the genuine Amphiuride, but are very near to 
the Ophiodermatide and Ophiocomide. 

7. Ophiopsila is, as a matter of fact, nothing else than an 
ally of the Ophiocomide. 


8. “ Ophioconis” pars, ie. my Ophiuroconis and Ophiurodon, 
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and “ Ophiochwta” pars, ie. my Ophiurocheta, may be clearly 
distinguished from Ophiolimna emend. by certain internal struc- 
tures. 

Prefixing so much, I now proceed to the exposition of my 
own views, leaving them to be judged by their own merits. 

I have several representatives of Paleozoie ophiurans in hand, 
and I purpose to publish a revision and classification of them in 
the near future. 

The greater part of the present study was done in the 
Zoologieal Institute of the Imperial University of Tokyo, to which 
the type specimens of all the new species described in this paper 
belong. Such new genera as Astrothamnus, Ophiosemnotes, Haplo- 
phiura, Amphiophiura, Ophiozonella, Ophiuroconis, Ophiurocheta, &c., 
are directly or indirectly based upon the specimens in Dr. H. L. 
Cuark’s charge. All the text and plate figures in this paper were 
drawn by me. 


Subclass I. G4GOPHIUROIDA MATSUMOTO. 


Ophiuroidea with external ambulacral grooves and without 
ventral arm plates. Radial shields, genital plates and scales, oral 
shields, peristomial plates and dorsal arm plates also absent. 
Ambulacral plates alternate or opposite; in the latter case, they 
may often be soldered in pairs to form the vertebre. Adambula- 
eral plates, i.e. lateral arm plates, subventral in position. Madre- 
porite either dorsal or ventral, often large and similar in shape to 
that of an asteroid. 

This subelass mostly consists of Paleozoic forms, and lacks 
all the fundamental characters by which the recent ophiurans are 


clearly distinguished from the asteroids. Indeed, the distinction of 
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the present subclass from the asteroids depends merely upon the 
different development of certain common structures. 


Subclass II. MYOPHIUROIDA MATSUMOTO. 


Ophiuroidea without external ambulacral grooves, and with 
ventral arm plates. Radial shields, genital plates and scales, oral 
shiclds, peristomial plates and dorsal arm plates usually present ; 
but sometimes, some or all of them may be rudimentary or 
absent. Ambulacral plates opposite, usually completely soldered in 
pairs to form the vertebre. Madreporite represented by one, or 
sometimes all, of the oral shields. 

This subclass includes certain Paleozoic forms and all the 
ophiurans from the Mesozoic downwards. . 

The Paleozoic Myophiuroida appear to me to represent a dis- 


tinet order by themselves; but I defer the question to a future 
paper. 


Order i. PHRYNOPHIURIDA MATSUMOTO. 


Disk and arms covered by skin. Radial shields either very 
rudimentary or long and bar-like. The radial shield and genital 
plate of either side of each radius articulate with each other by 
means of a simple articular face or a transverse ridge of either 
plate. Peristomial plates large, entire, double or triple. Oral 
frames entire, without well developed lateral wings. Lateral arm 
plates subventral or ventral in position, while the dorsal arm 
plates are either entirely absent or rudimentary, so that the dorsal 
side of thc arms is mostly unprotected. Vertebral articulation 
zygospondyline or streptospondyline. 
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Key to families of Phrynophiurida. 

A—Radial shields very rudimentary or more or less long and bar-like ; 
arms not exceedingly long, always simple; lateral arm plates sub- 
ventral in position; arm spines not confined to the ventral side of 
the arm; vertebræ rather slender, not exceedingly short and dis- 
coidal; vertebral articulation either zygospondyline or streptospon- 
dyline; both upper and lower muscular foss of the vertebrae 
loh οσο Se NM SM Go eee Ophiomyxide. 

AA—Radial shields very long and bar-like ; arms exceedingly long, either 
simple or branched; lateral arm plates ventral in position; arm 
spines confined to the ventral side, all serving as tentacle scales; . 
vertebrae very stout, exceedingly short and discoidal; vertebral arti- 
culation typically streptospondyline; upper muscular fosse of the 
vertebrae extremely large, the lower very small. 

a—Teeth very stout, arranged in a single vertical row; oral and dental 
papillae not very well developed; adoral shields very stout; arms 
not annulated by rows of hook-bearing granules ; arm spines covered 
Wr iudk SST, συ σος οσα οσο eee Ree ee D Trichasteride. 

aa—Teeth and dental papille, often also oral papille, all similar, 
spiniform ; adoral shields not very stout; arms annulated by double 
rows of hook-bearing granules; arm spines naked or covered by 


πον Μπ Επι, se c cce ο ου”. Gorgonocephalide. 


Family 1. Ophiomyxidae (Liuxcman, 1866) mihi, 1915. 


Disk and arms covered by a soft skin. Radial shields very 


rudimentary or more or less long and bar-like. The radial shield 


and genital plate articulate with cach other by a simple face. 


Genital scales slender, bar-like, articulated with the genital plate 


at a distance inwards from the outer end of the latter.  Peristomial 


plates very large, cither double or triple, and thin or entire and 
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very thick. Oral frames either long and slender or short and 
very stout, without well developed lateral wings. Arms slender, 
not exceedingly long, always simple. Dorsal arm plates absent or 
rudimentary, lateral arm plates subventral in position, so that the 
dorsal side of the arms is mostly unprotected. Arm spines not 
confined to the ventral side, skin-covered. Vertebree rather slender, 
not very short and discoidal, often incompletely calcified and more 
or less divided into halves by a longitudinal, fusiform pore. 
Vertebral articulation zygospondyline, the articular peg being well 
developed, or streptospondyline, the peg being very rudimentary or 
entirely absent. Both upper and lower muscular fosse large. 

This family includes twenty-two genera, which may be grouped 
into two subfamilies as follows: 

Subfamily 1.  Ophiomyxine mihi, 1915.—Oral shields small, 
separated from the first lateral arm plates by the outer lobes of 
the long and slender adoral shields; vertebre long and very 
slender, often divided into halves; wings of the vertebre very 
much thinner laterally than dorsally, so that the vertebre are 
fairly rhomboidal in dorsal view; vertebral articulation zygospon- 
dyline, the articular peg being well developed. 

I. Second oral tentacle pores opening outside the oral slits. 

a. Teeth present, arranged in a single vertical row. 
Ophiohelus Lyman, 1880. 
Ophiosciasma Lyman, 1878. 
Ophiogeron Lyman, 1878. 
Astrogeron VERRILL, 1899. 
Ophiostyracium Crank, 1911. 
Ophiocynodus Crank, 1911. 
b. Teeth almost absent. 
Ophiosyzygus CLARK, 1911. 
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Ophioleptoplax CuarK, 1911. 
II. Second oral tentacle pores opening entirely within the 
oral slits. 
a. "Teeth and oral papilla acute, not widened and serrate. 
Ophioscoler MüLLER & TroscmEL, 1842. 
Neoplav Bet, 1884. 
Ophiostiba Marsumoto, 1915. 
Ophiomora Kauurr, 1907. 
b: Teeth and oral papillae widened and serrate along the 
free end: 
Ophiohyalus Matsumoro, 1915. 
Ophiomyvxa Mitten & TroscHen, 1842. 
Ophiodera VERRILL, 1899. 
Ophiohymen Crank, 1911. 
Subfamily 2. Ophiobyrsine Marsumoro, 1915.—Oral and 


adoral shields very thick, intimately joined to each other, the 


latter being entirely proximal to the former; vertebre short and 


stout, always entire; wings of the vertebre very thick laterally as 


well as dorsally ; vertebral articulation streptospondyline, the arti- 


cular peg being very rudimentary or entirely absent. 


I. Oral shields absent, except in one interradius ; a single 
genital slit to each interradius. 
Ophioschiza Crank, 1911. 
II. Oral shields well developed; two genital slits to each 
interradius. 
Ophiophrixus CrAnE, 1911. 
Ophiobyrsa Lyman, 1878. 
Ophiobyrsella VERRILL, 1899. 
Ophiosmilax Marsumoto, 1915. 


Ophiobrachion Lyman, 1883. 
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The difference between the Ophiomyxine and Ophiobyrsine 
appears to me to be very sharp, especially in the internal struc- 
tures. In Ophiodera anisacantha, the peristomial plates are triple, 
the unpaired one filling up, like a wedge, the outer open angle 
formed by the paired ones, which are very long and boot-shaped. 
The oral frames are stout, with a distinct groove for the ambula- 
eral ring canal. The first few vertebrae are very short, with very 
thin wings. The genital plates are very slender, articulating with 
the genital scale at a distance inwards from the outer end. The 
articulation of the genital plate and radial shield is very simple, 
without any articular condyle or pit. Each vertebra outside of 
the base is composed of a slender body and very thin wings. 
The vertebral articulation is zygospondyline. "Phe articular peg is 
well developed, connected with the halves of the articular shoulder 
by a short, narrow ridge, so that the whole trio is shaped like an 
M, of which the upper open angle corresponds to the pit for the 
articular umbo and the lower open angles to the pits for the 
articular knobs of the next vertebra. The articular umbo is very 
stout, elongated rhomboidal, while the articular knobs are rather 
feeble, separated from eaeh other by the pit for the articular peg. 
In Ophiomyxa flaccida Mitten & Troscnen and  O. australis 
Ltrxen, the peristomial plates are double, nearly soldered together ; 
especially in very small specimens of the last species, the double 
plates are very firmly soldered together, so as to appear almost 
entire. The vertebral articulation of the last species is rather 
peeuliar: the trio of the artieular peg and halves of the articular 
shoulder are closely set side by side, so as to appear like a united 
mass leaving a furrow-like pit for the articular umbo of the next 
vertebra above them; the articular umbo is very prominent, while 


the articular knobs are scarcely developed, being represented only 
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by two insignificant ridges between the pits for the articular peg 
and the halves of the articular shoulder. In Ophiohyalus gotoi 
the peristomial plates are usually double, with oblong halves, 
but are triple in some interradü, the unpaired one being quad- 
rangular and overlapping the paired ones. In Ophiostiba hidekii 
the peristomial plates are double, often with unequal halves, 
one of which overlaps the other. According to Lyman, Ophioscole.r 
glacialis Mitten & Troscnen has triple peristomial plates and 
slender, eylindrieal oral frames, without distal wings." 

In Ophiobyrsa rudis Lyman, the internal structures of whieh 
were studied by Lxwaw, the characteristics of the Ophiobyrsinee 
appear to be well realised. The whole oral skeleton is very com- 
pact. The peristomial plates are entire, stout, intimately soldered 
to the oral frames, which are also stout. The radial shields, as 
well as the genital plates and scales, are comparatively small, the 
plates and scales bounding only the outer part of the long genital 
slits. The vertebre are stout, short, more or less discoidal, the 
wings being very thick laterally as well as dorsally ; a number of 
basal vertebre are especially discoidal, like those of the next two 
families. The vertebral artieulation is perfectly streptospondyline, 
the articular peg being entirely absent. The articular shoulder is 
divided into two long, stout, parallel condyles by a median groove. 
The articular umbo is very stout, the downward prolongation con- 
nected without any boundary with the upward prolongation of the 
soldered mass of the articular knobs, so that the whole of the 
umbo and knobs taken together is long dumb-bell shaped. In 
Ophiosmilax mirabilis the vertebral articulation is essentially 
similar, but there persists a well marked line of contact between 


the articular umbo and the soldered mass of the articular knobs. 


1) This peculiarity will be discussed in a future paper. 
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In both species, the upper and lower muscular fosse are both 
large, à characteristic of the “ common ophiurans " in contrast to 
the next two families, to which the Ophiobyrsine rather approach 
in almost all characters. 


Key to Japanese genera of Ophiomyxine. 


A—Second oral tentacle pores opening outside -the oral slits. 
a—Disk free of spines; radial shields absent; arm spines not very 
conspicuously thorny; a few oral and dental papille present; no 
teeth. 
b—Dorsal arm plates entirely absent; arm spines connected together 
by a web-like membrane...... Bist OUO OT Ophiosyzygus. 
bb—Tudimentary dorsal arm plates present, entire and hyaline; arm 
spines free from each οἴπεν.............-...... «.. Ophioleptoplax. 
aa—Disk beset with a number of long, acute, conspicuous spines ; radial 
shields conspicnous, each bearing one long, acute, conspicuous spine ; 
arm spines very conspicuously thorny; a few spiniform oral papillz, 
besides one short and rounded outermost one, which arises from the 
Ομ νο MN FUE, 54 ο----- λες Ophiostyracium. 
AA—Second oral tentacle pores opening within the oral slits. 
c—Teeth and oral papille triangular, acute, not hyaline; radial shields 
very rudimentary ; marginal disk scales present; dorsal arm plates 
entirely absent; arm spines converted into compound hooks. ...... 
SOBRE RIS ο ος e UE EE T DUC Ophiostiba. 
cc—'l'eeth and oral papilla flattened, with widened and serrate end 
more or less hyaline. 
d—Marginal disk scales present. 
c—hudimentary dorsal arm plates always entire; radial shields very 
rudimentary ; vertebree divided into halves, except in several basal 
arm joints; arm spines converted into compound hooks.. Ophiohyalus. 
ce—Rudimentary dorsal arm plates divided into several secondary plates, 


except in the distal arm joints; radial shields not very rudimentary ; 
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vertebrae entire, except in very distal arm joints; arm spines not 

converted into compound hooks, except in the very distal arm 

Πο ο aaa σας ωσα ο TO OUO IER QR NC REN ccs Ophiomyxa. 
dd—Marginal disk scales absent. 

J—Radial shields present; dorsal arm plates usually absent (or some- 
times present, being divided into several secondary plates, as in 
the Japanese species); arm spines free from each other. . Ophiodera. 

Jf—Radial shields absent; dorsal arm plates entirely wanting; arm 


spines connected together by a web-like membrane.... Ophiohymen. 


Ophiosyzygus disacanthus CLARK. 


Opliosyzygus disacanthus : Crank, Bull. U. S. Nat. Mus., LXXV, 1911, 
p. 276, fig. 199. 


Off Kagoshima Gulf; 103—152 fathoms (Crank). Uraga Chan- 
nel; 88 fathoms (CLARK). 


Ophioleptoplax megapora CLARK. 


Ophioleptoplax megapora : Crank, Bull. U. S. Nat. Mus., LXXV, 1911, 
p. 279, fig. 141. 


Eastern Sea; 71 fathoms (Crank). 


Ophiostyracium trachyacanthune CLARK. 


Ophiostyracium trachyacanthum: Crank, Bull. U. S. Nat. Mus., LXXV, 
1911, p. 253, fie. 194. 


Eastern Sea; 440 fathoms (Crank). — 


Ophiostiba Marsumoro, 1915. 


‘Disk and arms covered by a soft, thin skin, which contains 
some granules in the former. Marginal disk scales present. Radial 
shields very rudimentary, forming a continuous row with the 


marginal disk scales. Teeth and oral papille present, triangular, 
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with acute tips. Dental papillæ absent. Second oral tentacle pores 
opening entirely within the oral slits. Vertebræ more or less 
divided into halves by a longitudinal fusiform pore in the outer 
half of the arm. Dorsal arm plates entirely absent, lateral arm 
plates more or less subventral in position, so that the dorsal side 
of the arm is mostly unprotected. Two or three arm spines, all 
converted into compound hooks. Tentacle scales absent. 

This genus differs from Ophioscolex ehiefly in the presence 
of the marginal disk scales and in the conversion of the arm 
spines into compound hooks; and from Neoplax in the fewer arm 
spines, which are all converted into compound hooks, and in the 
absence of the tentacle scales. 


Ophiostiba hidekii Matsumoto. 

Ophiostiba hidekii: MATSUMOTO, Proc. Acad. Nat. Sci. Philadelphia, 
LXVI, 1915, p. 47. 

Two specimens ; Mera-out-Oisegaké, Sagami Sea ; 300 fathoms. 

Diameter of disk 3.5 mm. Length of the longest arm 16 mm. 
Width of the same at base 0.8 mm. 

Disk hexagonal, with concave interbrachial borders, rather 
convex dorsally, covered by a soft skin, whieh contains fine, 
scattered, ealeareous granules. Marginal disk scales present, but 
rudimentary, liable to be overlooked. Radial shields very rudi- 
mentary, insignificant, forming a continuous row with the marginal 
disk scales. Genital slits very small and short. 

Oral shields rhomboidal, with perfectly rounded outer and 
lateral angles; convex, slightly longer than wide; all serving as 
madreporites. Adoral shields narrow, but with widened outer end, 
which entirely separates-the oral shield from the first lateral arm 


plate; adradially concave, meeting each other within. Four or 
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five oral papille 
on either side of 
each jaw, trian- 
gular, with acute 
apices, the proxi- 
mal parts being 
eovered by a eom- 
mon skin. Teeth 
stout, triangular, 
acute. 

Six arms, of 
which three are 
longer than the 
other three, as a 
result of schizo- 
gony and regene- 
ration ; very 
slender, only hori- 





zontally flexible. Fig. 1. Ophiostiba Aidekii. x20. u. From above. b. From below. 


Outer vertebrae ο. Side view of three arm joints near disk. 

divided into bar- 

like halves by a longitudinal fusiform pore. Dorsal arm plates 
entirely absent; and the dorsal side of the vertebre are seen 
through the skin to be rhomboidal, long and narrow. Lateral arm 
plates low, subventral in position; those of both sides meeting 
each other below, but widely separated above. First ventral arm 
plate very small, rhomboidal, with the inner sides longer than the 
outer, longer than wide. Those beyond heptagonal, with strongly 
concave inner lateral and outer sides, the former corresponding to 


the tentacle pores; much longer than wide, widest at the outer 
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ends of the tentaele pores; the calcification is very feeble along 
the median line, so that the plates appear as if grooved. Two or 
three arm spines, transparent, except the ball-like base, which is 
opaque; all converted into compound hooks, with four or five 
dentieles along the abradial side; the lowest spine is slightly 
shorter than the upper ones, which are about two-thirds as long 
as the corresponding arm joint, except in the very basal arm 
joints, where they are shorter. The uppermost spines of either 
side of successive arm joints are connected together by a hyaline 
membrane, except in the very basal and very distal parts of the 
arm. ‘Tentacle pores large, without any scales. 

Colour in alcohol: disk deep chocolate brown, except the eal- 
eareous granules, which are white; arms brownish yellow. 

This species evidently reproduce by schizogony, as in- 
dicated by the heteractiny and by the occurrence of six madre- 
porites. 


Ophiohyalus Marsuworo, 1915. 


Disk covered by a soft skin, with a row of marginal scales. 
Radial shields very rudimentary, insignificant, forming a continuous 
row with the marginal scales. Oral papille and teeth present, 
flattened and serrate along the free edge. Dental papille absent. 
Arms very slender, only horizontally flexible. Vertebrie more or 
less, or entirely, divided into halves by a longitudinal fusiform 
pore. Dorsal arm plates present, entire, but very rudimentary, 
transparent, separated from each other by a naked space. Two 
or three arm spines, all converted into compound hooks. Tentacle 
scales absent. 

This genus is very near to Ophiomyxa, but differs from it 
in the very rudimentary radial shields, in the more markedly 
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divided vertebre, in the entire rudimentary dorsal arm plates and 
in the conversion of all the arm spines into compound hooks ; 
and in almost all characters, this genus retains more embryonal 


features. 


Ophiohyalus gotoi MATSUMOTO. 


Ophiohyalus gotoi: Matsumoro, Proc. Acad. Nat. Sci. Philadelphia, 
LXVI, 1915, p. 48. 

Two specimens; probably off Misaki. 

Diameter of disk 9mm. Length of arms 28mm. Width of 
arms at base 1 mm. 

Disk pentagonal, with concave interbrachial borders, very flat, 
covered by a very thin, naked skin. Marginal disk scales present 
but very feeble. Radial shields very rudimentary, insignificant, 
forming a continuous row with the marginal scales. Genital slits 
very small, short, extending from the outer end of the adoral 
shield to that of the second lateral arm plate. 

Oral shields large, triangular, with perfectly rounded lateral 
angles, inner sides forming together a  brace-shape, outer side 
slightly concave; two and a half times as wide as long. Adoral 
shields large, triangular, very long, acutely tapered inwards, not 
meeting with each other. Oral plates long and narrow. The 
space encircled by the oral and adoral shields and oral plates is 
strongly depressed. Three or four oral papille on either side, 
thin, transparent and finely serrate along the free edge. Two or 
three short, wide, flattened teeth, with rounded and finely serrate 
ends. Deep in the oral slits, on either side, occurs one conical, 
rough papilla. 

Arms slender, covered by a very thin, transparent skin. The 
halves of the vertebrae are incompletely soldered together, except 
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a. From above. x7. 
ο, Side view of three arm 
d. Dorsal view of two arm 
joints near the extremity. x 14. e. Ventral view 
of two arm joints somewhat nenr the extremity. 
x16. f. Dorsal view of the vertebra of the 
fourth free arm joint. x14. g. Dorsal view of 
the vertebra of the tenth free arm joint. x14. 


Fig. 2. Ophiohyolus gotoi. 


b. From below. x7. 
joints near disk. x7. 


other, but separated by a naked 
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the disk and at the 
base of the arms, where the 

Each 
middle 
part a longitudinally fusiform 


within 


fusion is complete. 


vertebra has at its 


pore, which becomes larger 
and longer in the more distal 
part of the arm and finally 
divides the vertebra into halves. 
Dorsal arm plates small, 
oval, thin, transparent, longer 
than wide, wider within than 
without, separated from each 
other; they lie over the distal 
parts of the vertebre of the 
corresponding arm joints, and 
become very small and delicate 
towards the extremity of the 
arm. Lateral arm plates slight- 
flared, 


ly successive plates 


not in contact with each 


space, which is widened up- 


wards and continued into a large naked space bounded by the 


dorsal and lateral arm plates and the vertebra. 


First ventral arm 


plate not very small, quadrangular, with strongly curved outer 


edge, much wider without than within. 


Those beyond nearly 


rhomboidal in outline, with a conspicuous notch at the outer 


end and a half pore for the tentacle at each lateral angle ; 


much longer than wide, being widest at the outer ends of the 


tentacle pores; successive plates not in contact with each other, 
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except in the disk. The lateral arm plates do not however meet 
each other in the ventral median line, so that there is left here a 
naked, depressed space, which is especially well marked near the 
extremity of the arm. Two arm spines, subventral unequal, 
glassy, all converted into compound hooks, with a series of hook- 
lets along their ventral side, covered by α thin, transparent mem- 
brane; the lower one is mueh larger than the other. In some 
basal joints, there occurs on the lateral arm plates one more 
spine, which is placed on the dorsal margin of the plate and also 
bears a series of hooklets on one side; it is larger than the other 
two, and nearly as long as the corresponding arm joint. No 
tentacle scale. 


Colour in alcohol yellowish white. 


Ophiomyxa australis LUTKEN. 


Ophiomyxa australis: Τῦτκεν, Addit. ad Hist. Oph., III, 1869, p. 45 
& 99; Lyman, Rep. Challenger, V, 1882, p. 246; Lyman, Bull Mus. Comp. 
Zool, X, 1888, p. 274; Bnock, Zeitschr. wiss. Zool, XLVII, 1888, p. 
532; Kanter, Bull Sei. Fr. Belg, XXXI, 1898, p. 123; Kanter, Ibid., 
XLI, 1907, p. 341; CLARK, Mem. Austral. Mus., IV, 1909, p. 547; CLARK, 
Bull. U. S. Nat. Mus, LXXV, 1911, p. 271. 


Four specimens ; Mera-out-Oisegaké, Sagami Sea; 300 fathoms. 

Off Suno Saki, Sagami Sea; 41-50 fathoms (Crank) Korea 
Strait; 59 fathoms (Ολα). Eastern Sea; 95 fathoms (Crank). 

Amboina ; 100 fathoms (Lyman). Sulu Sea; 82-102 fathoms 
(Lyman). Tongatabu Is. ; 18-240 fathoms (Lyman). Near Fiji Is. ; 
310-315 fathoms (Lyman). Southern Australia and Bass Strait; 
38-120 fathoms (LüTkEN, Lyman, CLARK) New Zealand (Karen). 


My specimens are all small, the largest being 7 mm. across 
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the disk. The colour is purplish brown in alcohol, the disk being: 
beautifully spotted with darker shades. 

The rudimentary dor- 
sal arm plates are ontire 
and transparent at the 
outer parts of the arms, 
but are divided into two 
or three opaque, secondary 
plates in the basal arm 
joints. The smallest speei- 
men, with the disk diam- 
eter of 3.5mm, has 
entire dorsal arm plates 
throughout, and has only 
one or two granule-like 


oral papille on either side 





and less flattened and not 
Fig. 8. Ophiomyxa australis. u, From above. x7. b. serrate teeth, besides a 


From below. x7. ο. Side view of four arm joints ; τ 
near disk. x7. d. Dorsal view of two arm joints at VOYY short and wide distal 


the middle part. x7. ο. Young specimen; from below. 


pus papilla, situated deep 


within the oral slit. The 
second oral tentacle pores of the same specimen open outside the 
oral slits, and the first ventral arm plates are comparatively large. 
A specimen with the disk diameter of 4mm. has three of the 
jaws with typical papillation, and two papillated as in the smallest 
specimen mentioned. Probably, the oral papilla next the apex of 
the jaws are the first to appear, and the more distal ones are 
formed later. The distal papilla of the smallest specimen is not a 
true oral papilla, lying at a higher level than the ordinary ones. 
It may be distinguished as the primary oral papilla in contrast to 
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the genuine or secondary oral papilla. The primary oral papille 
are usually predominant in many genera, which have exposed 
second oral tentacle pores. 


Ophiodera anisacantha (CLARK). 

Ophiomyxa anisacantha: Οτλεκ, Bull. U. S. Nat. Mus, LXXV, 1911, 
p. 277, fig. 136. 

One specimen; Suruga Gulf; 115 fathoms. One specimen 
Mera-out-Oisegaké, Sagami Sea; 300 fathoms. Five specimens; 
Sagami Sea. One specimen; Uraga Channel; 125 fathoms. 

Uraga Channel; 197 fathoms (Crank) Suruga Gulf; 108-131 
fathoms (Crank) Off Suno Saki, Sagami Sea; 83-158 fathoms 
(Crank). Eastern Sea; 95-181 fathoms (Crank). 

Diameter of disk 28mm. Length of arms 140 mm. Width 
of arms at base 4 mm. 

Disk pentagonal or five- 
lobed, with concave or slightly 
notched  interbrachial borders, 
covered by a thick skin, which 
is finely and almost concentric- 
ally wrinkled in alcohol. 

The radial shields can be 
observed by drying the speci- 
mens; they are exceedingly 
small and club-shaped. Genital 
slits long, not quite reaching 


the disk margin, narrow in the 





outer part, bordered adradially 
: ; Fig. 4. Ophiodera anisacantha. x3. «a. From 
by the stout genital plates, above. b. From below. ο. Side view of four 


; : : joi disk. 
much widened in the inner part “πὰ joints near dis 
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lying within the genital plates, where they present clongated oval 
outlines. The genital plates and scales are distinguishable, though 
they are covered by the skin. 

The oral skeleton can be observed by drying the specimens. 
The oral shields are transversely oval, or rather rhomboidal, with 
an obtuse inner angle, and widely rounded outer and lateral angles. 
Adoral shiclds small, curved abradially as a whole, tapering in- 
wards, where they do not meet each other. Four oral papillie on 
cither side, flat, thin, translucent, and finely serrate along the free 
edge. Five to seven teeth, short, flat, with rounded, finely serrate 
or nearly entire end; the uppermost one is longer and more or 
less conical. Below the first oral tentacle pore in the oral slit, 
occur one to three spiniform papilla. 

Arms slender, covered by a thick skin. The arm plates and 
vertebrae can be observed by drying the specimens or by boiling 
an arm piece in potash. The vertebrae are rhomboidal when view- 
ed from above, much wider than long, with a conspicuous median 
groove. Between them, there are, in the proximal parts of the 
arms, a few irregular scales, perhaps representing the dorsal arm 
plates. Lateral arm plates subventral, meeting below, where they 
are soldered together and with the ventral arm plates of the 
corresponding jomts. The ventral arm plates are cight-sided; two 
sides embracing a conspicuous notch at the outer end of the plate ; 
inner sides the longest, straight, meeting cach other in a wide 
angle; inner lateral sides concave, corresponding to the tentacle 
pores; wider than long, widest at the outer ends of the tentacle 
pores. ‘Three or four arm spines, short, stout, conical, blunt, 
enclosed in skin, rough at the end; the uppermost one is the 
longest, nearly as long as the corresponding arm joint, somewhat 


isolated from the rest which are near together. The arm spines 
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are smaller in the basal joints, and only one is present in the 
first and second, but two in the third and fourth. No tentacle 
scale. 

Colour in alcohol: disk bluish gray ; arms light yellow; disk 
and arms of younger specimens light grayish pink. 

In the smaller specimens, the disk skin is seen to contain, 
when examined under a microscope, very fine scales scattered in 
it, much resembling the perforated spicules of a holothurian ; but 
in the larger ones they are entirely absent. The oral papille, the 
papillz just below the first oral tentacle pores, the teeth and the 
arm spines appear to inerease in number with the growth of the 
animal. In the specimens before me, the arm spines are not so 
long and so slender as are shown in Crank’s figure. Further, his 
figure appears to me to be inaccurate in so far as it represents 
the arm spines as being two in number and equally long already 


in the first arm joint. 


Ophiohymen gymnodiscus CLARK. 


Ophiohymen gymnodiscus: CLARK, Bull. U. S. Nat. Mus., LXXV, 1911, 
p. 277, fig. 140. à 
Eastern Sea; 107—139 fathoms (Crank). 


Key to Japanese genera of Ophiobyrsine. 


A—Riadial shields more or less long and bar-like; disk or, at least, 
radial shields spinulate; arm spines spiniform, not all converted 
into compound hooks. 

a—Dorsal arm plates entirely absent; arm spines very long and 
EUR IL A pee... E s TON eS sees Ophiophricus. 

aa—HRudimentary dorsal arm plates present, being divided into a num- 
ber of secondary plates; arm spines rather short and not serrate... 


6:8 0 2 aie ae ος.. "Ἵν... Οροι δα 
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AA—Radial shields very rudimentary, disk entirely free of spines; arm 
spines all converted into compound hooks............. Ophiosmilaz. 


Ophiophrixus acanthénwus CLARK. 


Ophiophricus acanthinus: CtarK, Bull. U. S. Nat. Mus., LXXV, 1911, 
p. 278, fig. 137. 
Off Seno Umi, Suruga Gulf; 94-150 fathoms (Crank). 


Key to Japanese species of Ophiobyvrsa. 


A—Fach dorsal arm plate represented by a zone of a mosaic of small, 
irregular, secondary plates, each of which carries a spinule; six or 
Seven arm spines not webbed together, the lowest one is converted 
into a compound hook and serves as a tentacle scale. ............ 

Boi RT UU HON OXON ROO E acanthinobrachia. 

AA—Kach dorsal arm plate represented by a row of secondary plates, of 

which the median two are the largest, none of them spinulate ; 
four arm spines connected together by a web-like membrane ...... 


synaptacantha. 


Ophiobyrsa acanthinobrachia CLARK. 


Opliobyrsa acanthinobrachia : Crank, Bull. U. S. Nat. Mus, LXXY, 
1911. p. 269, fig. 194. 

Suruga Gulf; 108 fathoms (Ολη). Eastern Sea; 95 fathoms 
(Crank). 


Ophiobyrsa synaptacantha CLARK. 


Opliobyrsa synaptacantha: CLARK, loc. cit., p. 270, fig. 135. 
Eastern Sea; 152 fathoms (CLARK). 


Ophiosmilax Marsumoro, 1915. 


Disk and arms covered by a thick skin, which may contain 
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some fine scales in the former. Radial shields very rudimentary 
(apparently “ absent"), lying marginally, Oral slits small. Single 
oral papilla on either side, and two or three dental papille at the 
apex of each jaw. Teeth in a single vertical row. Teeth and 
papille all alike, stout, stumpy, conspicuously thorny at tip. 
Second oral tentacle pores opening outside the oral slits, cach 
provided with a thorny, stumpy papilla, which arises from the 
adoral shield. Arms vertically coiled. Vertebræ very stout, with 
saddle-shaped articulation. Dorsal arm plates entirely absent, 
while the lateral arm plates are subventral, so that the dorsal side 
of the arms is covered merely by a naked skin. Two or three 
arm spines, all converted into compound hooks. ‘Tentacle scales 
absent. 

This genus rather resembles Ophiophrivus in the total 
absence of the dorsal arm plates, but differs from it in the very 
rudimentary radial shields, in the peculiarities of the teeth and 
papille, and in the conversion of all the arm spines into compound 
hooks. This last character is also found in Ophiobrachion, but the 
present genus differs from it in the total absence of the disk spines, 
in the peculiarities of the teeth and papilla, and in the fewer arm 
spines. 


Ophiosmilax mirabilis MATSUMOTO. 

Ophiosmilax mirabilis : Marsumoro, Proc. Acad. Nat. Sci. Philadelphia, 
LXVI, 1915, p. 50. 

One specimen ; Mera-out-Oisegaké, Sagami Sea; 300 fathoms. 

Diameter of disk 2mm. Length of arms 12mm. Width of 
arms at base 0.8 mm. 

Disk flat, pentagonal, with concave interbrachial borders, 
covered by a thick skin, which contains very fine, thin, trans- 
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parent scales. Radial shields very rudimentary, insignificant, lymg 
on the disk margin. Genital slit short and very small. 

Oral shields trian- 
gular, with convex outer 
border. Adoral shields 
large, quadrangular, longer 
than wide, wider outwards 
than inwards, fully meet- 
ing with each other within. 
Oral slits short, fairly 
closed up. Single oral 
papilla on either side, 
stout, stumpy, conspicu- 
ously thorny at tip, turn- 
ed up ventrally, instead 





Eig. B. Ophiosmilax mirabilis. x90. a. From above. of projecting towards the 
b. From below. c. Side view of three arm joints A 
Se disk oral slit. Two or three 
dental papille at the apex 
of each jaw, similar in shape and size to the oral papilla, also 
turned up ventral. Teeth in a single vertieal row, also stout, 
stumpy and thorny at tip. Second oral tentacle pores opening 
entirely outside the oral slits, each provided with a stumpy and 
thorny papilla, which arises from the adoral shield. 

Arms more or less vertically coiled, covered by a thick skin. 
Dorsal arm plates entirely absent. Lateral arm plates subventral, 
strongly flared laterally. First ventral arm plate large, quadran- 
gular, with rounded angles, slightly longer than wide, much 
wider without than within. Those beyond larger, hexagonal, tho. 
inner and inner lateral sides being very short; outer angles per- 
fectly rounded; as long as, or slightly longer than wide, feebly 
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calcified and transparent, except the outer and lateral peripheries, 
where the calcification is complete and the plate is opaque. Two 
or three arm spines lying flat on the arm, all coverted into com- 
pound hooks, transparent, except the ball-like basal portions, 
which are opaque. The uppermost two are subequal, about two- 
thirds as long as the corresponding arm joint, while the third, 
the lowest, is very small and about half as long as the same. 
The smaller compound hooks have two or three denticles in one 
plane, while the larger ones have six or seven denticles in two 
planes, making certain acute angles with the axis of the spine. 
Tentacle pores small, free of tentacle scales. 
Colour in alcohol brownish yellow. 


Family 2. "Trichasteridee (DópEnLEIN, 1911) mihi, 1915. 


Disk and arms covered by a thick skin, which may contain 
fine scales or granules. Radial shields long, bar-like, forming a 
system of radiate ribs. The radial shield and genital plate arti- 
eulate with each other by means of a transverse ridge on both 
the plates. Genital plates long and stout, while the genital scales 
are rather very small. Oral shields small, adoral shields very 
stout. Teeth very stout, arranged in a single vertical row; oral 
and dental papille rudimentary as a rule, sometimes absent. 
Peristomial plates entire, stout, soldered with the also very stout 
oral frames. Arms exceedingly long, simple or dichotomously 
branched, vertically coiled. Dorsal arm plates either entirely absent 
or represented by very insignificant double rows of fine sub- 
cutaneous scales, which are soldered together to form two, right 
and left, secondary plates in the free arm bases of the adult in 


certain genera; entircly free of rows of minute hooks. Lateral 
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and ventral arm plates, as well as the skin-covered arm spines, 
confined to the ventral side of the arm. Vertebre very short and 
exceedingly stout, discoidal, with typically streptospondyline arti- 
culation. Upper muscular fosse of the vertebre extremely large, 
the lower very small. 

This family includes ten genera, which may be grouped into 
three subfamilies as follows : 

Subfamily 1.  Asteronychinc mihi, 1915.—Disk large and arms 
slender; only a single madreporite is present; perihsmal canal 
entirely closed; peritoneal cavity divided into five separate com- 
partments by the interradial attachments of the gastral pouches to 
the body wall; genital burs free from the perihsmal canal, but 
communicating with each other in radial pairs; lateral arm plates 
of either side separated from each other by the comparatively 
large ventral arm plates; more than three arm spines on each 
plate. 

Astrodia VERRILL, 1899. 
Asteronyx Mitten & Τποβοπει, 1842. 

Subfamily 2. Zrichasterinæe mihi, 1915.—Disk moderately 
large and arms moderately stout; one madreporite to cach inter- 
radius; perihæmal canal and genital burse with open communica- 
tions; lateral arm plates of either side separated from each other 
by the ventral arm plates, distal ones projecting ventrally in the 
form of hanging rods; two subequal arm spines on each plate. 

I. Arms simple. 

Ophiuropsis STUDER, 1884. 
Astroceras Lyman, 1879. 

IL. Arms divided. 

Trichaster AGassiz, 1835. 
Sthenocephalus Kamrzn, 1898. 
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Euryale Lamarck, 1816. 

Subfamily 3. Asteroschematine mihi, 1915.—Disk very small 
and arms very stout; one madreporite to each interradius; peri- 
hemal canal closed; genital burs free from the perihsemal canal 
or from each other ; lateral arm plates of either side meeting each 
other in the ventral median line, distal ones not projecting ventrally 
in the form of hanging rods; two unequal arm spines on each 
plate. 

Asteroschema Cirstep & LirKen, 1856.” 
Astrocharis Karen, 1904. 
Astrogymnotes CLARK, 1914. 

A very characteristic feature of the Asteronychine is the posi- 
tion of the genital scales, which articulate with the genital plates 
near the inner ends of the latter, while in the other subfamilies, 
the scales articulate with the plates near the outer ends of the 
latter. In Asteronyx loveni Mitten & Troscuen, the radial shields 
are composed of several lamellar secondary plates, which overlap 
and fuse together. The wall of the gastral cavity is attached to 
the body wall at the central part on the dorsal side of the, disk 
and along the interradial lines above and below, so that the. peri- 
toneal cavity is perfectly divided into five radial compartments, 
which are filled up by the folded generative glands. The peri- 
heernal canal is entirely closed. The genital bursæ are very spacious, 
but do not communicate with the perihemal canal, and are 
separated from the peritoneal cavity by a thin, folded membrane. 
Each radial pair of the burse however communicate with each 
other just above the outer end of the oral frames and the first 


1) Including Ophiocreas Lyman, 1869. 

As far as the external characters are concerned, Ophiocreas adherens STUDER, 1884, and 
Asteroschema kæhleri DópnERLEIN, 1898, appear to be referable to the Trichasterinw; they may 
possibly be young forms of Astroceras. 
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vertebra. In very young specimens, the genital plates are very 
high in position, lying nearly dorso-laterally to the first two ver- 
tebree, and the lower muscular fosse of the vertebre are not 
notably smaller than the upper, so that the genital plates and 
vertebre rather remind one of those of the Ophiobyrsine. 

A. most important internal character of the Trichasterine is 
that the genital burse communicate with the perihemal canal. 
In Astroceras, Trichaster and Huryale, I was able to observe this 
communication; and I believe that this character is a decisive 
proof {ον the elose relationship of these genera, as stated by LYMAN 
and Καητει, In Astroceras pergamena Lyman, the genital burse 
communicate merely with the perihemal eanal, while in Trichaster 
elegans Lupwic, they eommunieate also with each other in radial 
pairs, the eommunications taking place above the vertebrae just 
inside the disk margin; in both the genera, the peritoneal cavity, 
as well as the generative glands, is confined to the arm bases. 
The skin of the arm eonsists of two layers, which are easily 
separated by boiling in potash. The inner layer, whieh is thicker 
than the outer, contains the rudiments of the dorsal arm plates, 
which are in smaller specimens very insignificant, being represented 
by double rows of very fecble ealeareous seales, eontinued above 
from the lateral arm plates, as stated by Lyman in Kuryale aspera 
Lamarck. But in larger specimens, with the generative glands 
extending into the arm bases, the dorsal arm plates become con- 
spicuous in the proximal arm joints containing the generative 
glands, so that the arm bases are strongly ribbed. At this stage, 
each dorsal plate is represented by a pair of bar-like plates in 
Astroceras, and by a pair of about triple rows of nodule-like 
secondary plates in Z''ichaster. In Trichaster elegans, the genital 
plates and scales are very stout, lying very closely side by side 
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to form very solid interbrachial borders. The peristomial plates 
are stout, without median groove, soldered with the oral frames 
and oral plates. A single, very long dental plate is present at the 
.apex of each jaw. The adoral shields are very stout, divided into 
inner and outer halves, so that there are four in each interradius, 
closely set together. The radial shields are stont, composed of 
several secondary plates, which are soldered together. The ventral 
arm plates are large, often divided into two or three secondary 
plates. The lateral arm plates are very small, those of the two 
sides not meeting each other; in the distal arm joints outside the 
second bifurcation, they are projected ventrally in the form of 
hanging rods, bearing two hook-shaped arm spines. The dorsal 
arm plates are represented by three or four rows of nodule-like 
secondary plates on either side of cach proximal arm joint, two 
rows being internal and the other one or two external. According 
to Limas, the genital slits in Luryale aspera penetrate directly 
into the “ peritoneal cavity," which communicates with the peri- 
hemal canal, and the generative glands lie in the * peritoneal 
cavity,” the “ genital burs” being entirely absent. As far as I 
can judge, Lyman seems to be mistaken in his interpretation of 
the parts. In my opinion, his “ peritoneal cavity” is not the 
genuine peritoneal cavity but merely the genital burs, which are 
in direet communication with the perihemal canal and are very 
spacious and provided with a very thin membrane; and the genuine 
peritoneal cavity is perfectly divided into five radial compartments, 
which are entirely filled up by the folded generative glands. The 
correctness of this interpretation of mine is proved by the fact 
that, the generative glands do not lie in the * peritoneal cavity,” 
as Lyman thinks, but are separated from it by a thin but distinct 


membrane and the brachial body cavity, which is the direct con- 
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tinuation of the true peritoneal cavity is entirely free from Lywax's 
* peritoneal cavity.” Thus, it may clearly be seen that, Euryale 
is similar to Astroceras and Trichaster in having direct communica- 
tion between the genital burse and the perihemal canal, and to 
the Asteronychine in having the generative glands and the peritoneal 
eavity lying in the disk instead of being confined to the arm 
bases. 

The Asteroschematine are similar to the Asteronychine in the 
perihemal canal being entirely free from the genital bursa, but 
differ from them in the genital burs being free from each other. 
In Asteroschema japonicum (Kanter), the genital plates are long, 
stout, lie oblique to the arm axis; and curve abradially in the 
outer half of their entire length, so as to narrow the ventral 
interbrachial spaces. The genital scales are very small, directed 
laterally to support the disk borders, instead of supporting the 
abradial border of the genital slits. The genital bursæ are very 
spacious, but do not communicate with the periheemal cavity or 
with each other. The radial shields are very long, bar-like, com- 
posed of several secondary plates, so that they are capable of 
bending like elastic bars. The peristomial plates are very stout, 
with notched outer borders, distinctly grooved in the radial line 
on the dorsal surface. The oral frames are stout, more or less 
cylindrical, without distinct distal wings. Lupwia’s ‘first ventral 
arm plate’ is present at the dorsal outer corner of each oral slit. 
Oral plates strongly projecting ventrally as well as dorsally, and 
provided on the adradial sides with low, smooth, pavement-like 
grains, corresponding to the oral papillae. The dental plates are 
in a single piece for cach jaw, with a canal between plate and 
jaw. Teeth very stout, arranged in a single vertical row. Adoral 
shields entire, very large; the outer open angle between cach 
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interradial pair is filled by the oral shield, the madreporite, which 
is rather large and pear-shaped. The ventral arm plates are very 
small and granule-like, except the first and second, which are 
comparatively large, the first being triangular, with the apex 
directed inwards, and the second being fan-shaped with a convex, 
longest outer side. The. lateral arm plates are transversely bar- 
like, mecting each other in the ventral median line. Their outer 
ends are forked, the arm spines arising from the ventral process, 
while the row of plates which correspond to the dorsal arm plates 
proceed dorsally from the dorsal process. In the proximal joints 
of large, sexually mature specimens, each dorsal arm plate is re- 
presented by a pair of simple, bar-like rows of secondary plates, 
while in the distal joints, as throughout in smaller specimens, cach 
dorsal plate is represented by a double row of very fine, insignifi- 
eant scales. In Asteroschema caudatum (Lyman), the structure is 
essentially similar, but the lateral arm plates are stouter than in 
the foregoing specics, and the ventral arm plates are often divided 
into two secondary plates. 


Asteronyo loveni MÜLLER & TROSCHEL. 


Asteronyx loveni: Mürren & Troscurn, Sys. Ast., 1842, p. 119, Pi. X, 
figs. 3-5; Crank, Bull. U. S. Nat. Mus, LXXV, 1911, p. 285; DÖDERLEIN, 
Abh. Math. -Phys. Kl. K. Bayer. Akad. Wiss, $Suppl-Bd. I, 1911, p. 
115; MORTENSEN, Zeitschr. wiss. Zool, CL, 1912, pp. 264-989, Pls. XIV- 
ΜΗ. 

Astronyx loveni: ΤΧΝΜΑΝ, Rep. Challenger, V, 1882, p. 285; KEHLER, 
Ech. Ind. Mus. Deep-sea. Oph., p. 74; Kanter, Exp. Siboga, XLV, Pt. 
1, 1904, p. 167. 

Ono specimen; Hokkaidé, more precise locality unknown. 
Several specimens, clinging to Jsis and other gorgonaceans; off 
Misaki. 
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Japan; 350 fathoms (Lymay). Hiuga Sea; 405-578 fathoms 
(Crank). Off Omai Zaki; 475-918 fathoms (Crank). Off Suno 
Zaki, Sagami Sea; 83-158 fathoms (Cranx). Off Kinkwa San; 
129 fathoms (Cramx). Off Kii, Kumano Sea; 440-649 fathoms 
(Crark). Okhotsk Sea; 100-510 fathoms (Crank). 

Indian Ocean (Kenrrn) Malaysian waters (K@uier). Bering 
Sea (Crnamx). Alaska (Crank). Washington (Crark). California 
(Crank). Eastern coasts of North America. West Indies. Nor- 
wegian coasts. Finmark. Scotland. 

The specimen from Hokkaido is very large, and is 42 mm. in 
the disk diameter, 500 to 590 mm. in the arm length and 5.5 to 
6.5mm. in the arm width at the 
base; the largest arm having about 
six hundred and twenty joints. 
The other specimens are all young, 
with the disk diameter of 6 to 
7mm., and hardly showing the 
specifie characters of the oral ap- 
paratus and arm spines. The oral 
papilla and teeth are flat, serrate 
along the free margin, covered over 





by skin, except at the free margin ; 


to OM - τ. Ὁ 
A ^ Ὃν so that, they are quite similar to 
o ae IN A M . . 
E E E EN those of Astrodia. On the disk, 
d te, there are several scattered, delicate 


Fig. 6. Asteronga loveni. a. From above. scales embedded u the skin, which 
x10. b. From below. x10. e. From remind us of the disk scales of 
below. x12. « and b. Young. 


Astrodia, and are destined to be 


absorbed in older examples. 
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Key to Japanese genera of Trichasterinw. 


A—Arms simple; generative glands extending into the arm bases as 
two pairs of ribbon-like bodies; in basal arm joints of adult speci- 
mens, each dorsal arm plate is represented by a pair of transversely 
bar-like plates, which bear a stumpy tubercle at the upper end 
Sho 6 DAC 0UA0G SES EIN E CIL III SS Astroceras. 

AA—Arms dichotomously divided. 

a—Arms divided only near the tip; generative glands extending into 
the arm bases as four pairs of ribbon-like bodies; in basal arm 
joints of adult specimens, each dorsal arm plate is represented by a 
pair of about triple rows of nodule-like plates.......... Trichaster. 

aa—Arms divided nearly from the base; generative glands confined to 


the disk; dorsal arm plates always very insignificant...... Euryale. 


Astroceras pergamena ΤΧΜΑΝ. 

Astroceras pergamena: ΤΥΜΑΝ, Bull. Mus. Comp. Zool, VI, 1879, p. 
62, Pl. XVIII, figs. 478-480; Lyman, Rep. Challenger, V, 1882, p. 284, 
Pl XXXIV, fies. 1-5; Crank, Zool Anz, XXV, 1902, p. 671; KŒHLER, 
Exp. Siboga, XLV, Pt. 1, 1904, p. 159: Crank, Bull. U. S. Nat. Mus, 
LXXY, 1911, p. 284; DópEnLEIN, Abh. Math—Phys. Kl. K. Bayer. Akad. 
Wiss., Suppl-Bd. I, 1911, p. 61, Pl. VI, fies. 4-46, Pl. VIII, fig. 13. 

Astroschema sp.; DODERLEIN, ibid. p. 57, Pl. VU, fie. 3. 

Numerous specimens; Sagami Sea; 100 fathoms. Numerous 
specimens ; off Ukishima, Uraga Channel; 300 fathoms. 

Eastern Sea; 95-106 fathoms (Cramx). Yenshü Sea; 565 
fathoms (Lyman). Off Omai Zaki; 34-37 fathoms (CrAnk). Suruga 
Gulf; 52-180 fathoms (Crank, DÖDERLEIN). 

Timor; 216 m. (KEHLER). 

The largest one of my specimens is 7 mm. across the disk. 
The first ten basal free joints of the arms are wide and provided 


with transverse plates, which form ridges on either side and are 
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well developed in every seeond or 


third joint, in whieh they bear 


each a conspicuous, movably articulated tubercle at the upper end. 





Fig. 7. <Astrocerus pergamena, a. From above, 
xT. b. From above, x8. ο, From beow. x14. 


b and ο, Young. 


animal would become five-armed. 


Most specimens are quite 
young and smaller than 4 mm. 
in the disk diameter. They 
are mostly six-armed, rarely 
five or seven-armed. On the 
upper side of eaeh arm joint, 
there are two transverse rows 
of rough, skin-covered nodules, 
six to cight in each row. 
Similar nodules occur on the 
radial ribs; and in the larger 
specimens they are also found 
on the joints of the slender 
parts of the arms. 

I have also some six- 
armed specimens, in which 
the middle one of the three 
regenerating arms is distinetly 
smaller than the other two; 
but I do not agree with 
Crank in looking upon the 
smaller arm as being destined 
for resorption, so that the 

The smaller size of the arm in 


question is perhaps due to its unfavourable position with regard 


to the supply of nutrition. In fact, we 800 in many ophiurans 


which reproduce by sehizogony, that the regencrating arms do not 


often keep to the original number, and the same occurs also in 
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this species. I have -five-armed specimens, in which two of the 
arms are smaller and are undoubtedly regenerated ones; so that, 
the five-armed eondition may be attained by the final regeneration 
of only two arms in place of three, in the equally divided halves 


of six-armed individuals. 


Key to species of Trichaster. 


-A—Interbrachial ventral surfaces extremely narrow, so that the two 
genital slits are so close together as to form a single aperture; 
arms almost triangular in section; about sixty-two arm joints within 
ihe first bifurcation; each proximal arm joint bearing a pair of 
stumpy tubercles on the dorsal side; arm width at the first bifurca- 
tion being about one-third of that at the base. ........ palmiferus. 

AA—Interbrachial ventral surfaces not extremely narrow, so that the two 
genital slits are rather well separated from each other; arms quad- 
rangular in section; thirty-nino to fifty-three, usually forty-five, 
arm joints within the first bifurcation ; arms entirely free of stumpy 
tubercles; arm width at the first bifurcation being less than one- 
koii tab ab DO DASE e c MD A clegans. 


Trichaster palaniferus (LAMARCK). 


Ewryale palmiferum: | LixwAnck, Hist. Nat. Anim. sans Vert. IT, 1816, 
p. 939. 

Trichaster palmiferus : Acasstz, Mem. Soc. Sci. Nat. Neuchátel, T, 1835, 
p. 139; MürLER & 'lnoscHEL, Sys. Ast, 1842, p. 120; Lxwaw, Rep. - 
Challenger, V, 1882, p. 267; Crank, Bull. U. S. Nat. Mus, LXXV, 1911, 
p. 287; DopEnLEIN, ΑΡΗ. Math.-Phys KI. K. Bayer. Akad. Wiss. Suppl.- 
Bd. I, 1911, p. 62; Bomrorp, Rec. Ind. Mus. IX, Pt. 4, 1918, p. 220, PI. 
XIT, fig. 2. 

Trichaster fragellifer : V. MAnTENS, Wieg. Arch. Nat, XXXI, 1877, 
pu Sie” 


1) These papers were not seen by me. 
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Colnett Strait; 83-84 fathoms (CLARK). 


Bay of Bengal. Ceylon. Malaysian waters. Hong-kong. 


Trichaster elegans Lupwic. 


Trichaster elegans: Τπονπα, Zeitschr. wiss. Zool, XXXI, 1878, pp. 


59-67, Pl. V, figs. 1-9 ; Lyman, Rep. Challenger, V, 1882, p. 267 ; BOMFORD, 
Rec. Ind. Mus, IX, Pt. 4, 1919, p. 220, Pl. XIII, figs. 3 & 4. 
Two specimens; Tanabé Bay, Kii. 


Pacific Ocean (Lupwic). India (Bomrorp). 


DönERLEI thinks that the present species is a young form of T. 
palmiferus ; but like Bomrorn I can not agree with this opinion. My 
two specimens are quite large, and are of course adult and sexually 
mature. The large arm tubercles, which are characteristic of 7. 








me fi 

4 “ Π 

inp VP LP Y 
IND 





Fig. 8. Trichaster elegans. x1. a. From above. b. Ventral view of skeleton of two arm 
joints. c. Frontal view of skeleton of an arm joiut. 
joints. 

Ex. External row of nodules. IND. Internal distal row of nodules. 
row of nodules, LP. Lateral arm plate. vr. Ventral arm plate. 


d. Lateral view of skeleton of two arm 


INP. Internal proximal 
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paliiferus, at least in the adult, are entirely absent in my specimens. 
DópERLEIN states that, the part of the arm within the first bifurca- 
tion is composed of about sixty-two joints in 7: palmiferus, while 
in my specimens, that part is composed of from forty-three to 
forty-five joints, except in an arm of one of the specimens, in which 
that part is composed of fifty-three joints. Lupwra makes no state- 
ment on this point, but in his fig. 1, abont forty-six joints are 
indicated in the part in question. This number almost agrees 
with what obtains in my specimens, but is very far from that 
given by DóprenLE:. Bomrorp records thirty-nine to fifty-two 
joints in the part in question. So I must agree with Bowronp in 
recognising the present species as distinct from Z. palmiferus. 

In one of my two specimens, the disk is 33 mm. in diameter, 
and the arms are divided six times and about 310mm. in total 
length. In the other specimen, the disk is 39 mm. in diameter, 
and the arms are divided fivo or six times and about 990 mm. in 
total length. As to the ratio of the width to height of the arms 
the two specimens stand in striking contrast, as shown in the 
following table. 





Disk diameter of | Width and height | Ditto at the 20th. | Ditto at the 40th. 
specimen. of arm at base. free joint. freo joint. 





W. 17 mm. W. 19 mm. W. 7.5 mm. 


33 mm. 
H. 15 mm. H. 13 mm. H. Smm. 
W. 17 mm. W. 13 mm. W. Smm. 
32 mm. 


H. 13 mm. H. 19 mm. πο πι 











The generative glands extend into the arms as four pairs of 
ribbon-shaped bodies for each arm. Microscopical examinations of 
the generative glands showed that, tho larger one of the two 


specimens was male and the smaller one female. The testicular 
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ribbons are much more slender than the ovarial; so that, the 
dorsal median groove of the arms is much deeper and narrower 
in the male than in the female. I am inclined to think that, the 
striking contrast of the ratio of the width to height of the arms 
in the two speeimens is a sexual difference. 

I have one more statement to make about the smaller speci- 
men, viz. that it is four-armed. Not only the arms but the body 
generally is quadrimerous throughout, and there are no indieations 
of external injury. The great width of the arms in this specimen 
might be looked upon as a result of tho quadrimerism; but I 
think it only explains the great width of the arm bases, and not 
that of the distal part of the arms within the first bifurcation. 


Key to species of Huryale. 


A—Proximal parts of arms beset with two rows of large stumpy tuber- 
cles; some similar tubercles are found also on the radial ribs, 
EE ο C LCD DD UOI aspera. 

AA—Arms entirely free of stumpy tubercles, but some very small tuber- 


cles present on the πάς πμ] Sn οσο Οὗ ὖὖ ΡΥ ΗΡΙ απορία. 


KEuryale aspera LAMARCK. 


Euryale asperum: Lamarck, Hist. Nat. Anim. sans Vert, II, 1816, 
p. 535. 

Astrophyton asperum: MÜLLER & Troscurn, Sys. Ast. 1842, p. 124; 
Lupwic, Zeitschr. wiss. Zool, XXXI, 1878, p. 66. 

Euryale aspera: YaywAN, Rep. Challenger, V, 1882, p. 266; STUDER, 
Abh. K. Akad. Wiss. Berlin, 1882, p. 53, Pl. V, fig. 10; Kenner, Bull. Sei. 
Fr. Belg., XXXI, 1898, p. 114. 

Euryale studevi: orton, Rev. Suisse Zool, VIL, 1900, p. 8, Pl. VILI, 
fig. 4, Pl. IS, fiz. 1; αμα, Exp. Siboga, XLV, Pt. 2, 1905, p. 183; 
Kener, Bull. Sci. Fr. Belg., XLI, 1907, p. 350. 
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Euryala aspera: DÖDERLEIN, Abh. Math.-Phys. Kl. K. Bayer. Akad. 
Wiss. Suppl.-Bd. I, 1911, p. 65 & 98, fig. 16, ΤΙ. V, figs. 7 & Ta. 

One specimen; Okinawa. 

Eastern and western Australia. Malaysian waters. Philippines. 
Gulf of Siam. Southern China. 

This specimen 18 
very small, being only 
4mm. in the disk 
diameter. The arms 
are branched about 
eight times, and are 
about 27 mm. in total 
length. At the cen- 
tral region of the disk, 
six very small, rather 
inconspicuous primary 


plates are present. 





Each radial rib bears 


J Fig. 9. Euryale aspera, a. From above, x2. 
near its outer end one b. From below. x10. 


large, cylindrical, blunt 

tubercle joined by a movable articulation. A grain is present in 
the radial lino somewhere between each pair of the tubercles. 
Further, some of the arm joints bear each one short, cylindrical, 
blunt tubercle joined by a movable articulation. Such a tubercle 
never lies in the median line, but in such a position as to suggest 


that it is one of a pair, of which the fellow is absent. 


Euryale anopla CLARK. 


Euryale anopla: Crank, Bull. U. S. Nat. Mus., L XXV, 1911, p. 294, 
fig. 144. 
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Euryala anopla: DÖDERLEIN, Abh. Math.-Phys. Kl. K. Bayer. Akad. 
Wiss, Suppl.-Bd. I, 1911, p. 98. 


Eastern Sea; 103-152 fathoms (Cranx). 


Key to Japanese genera of Asteroschematine. 


A—Radial shields entirely covered over; interbrachial ventral surfaces 
not so narrowed as to be slit-like; arm bases strongly ribbed in 
adult specimens; arm spines not very small..... SS Asteroschema. 

AA—Radial shields partially naked; interbrachial ventral surfaces very 
narrow and slit-like; arm bases much widened, not strongly ribbed, 


but almost smooth; arm spines exceedingly small...... Astrocharis. 


Key to Japanese species of Asteroschema. 


AA—Disk and arms closely covered with granules..typical Asteroschema. 
a—Radial ribs narrow, not occupying the entire dorsal side of disk; 
arms about fourteen times as long as the disk diameter; three or 
four granules in 1mm. on the dorsal side of the arm bases; oral 


tentacle pores and some ten first tentacle pores opening by means 


ος η sd ee ο σα ορ ος TIS -. tubiferum. 


aa—Radial ribs stout, almost occupying the entire dorsal side of the 
disk ; five or six granules in 1mm. on the dorsal side of the arm 
bases ; oral tentacle pores and only a few first tentacle pores open- 
ing by means of tubes. 

b—Ventral side of arms closely covered with granules, like the other 
parts; arms about nine times as long as the disk diameter. ...... 
πο... ο ο το ο ο ο us ο ο ώση 

bb—Ventral side of the arms covered by a skin, which is almost freo 
of granules; arms about twelve times as long as the disk diameter 


' ΝΥ. uodOnODdSUUIOdDDOUO EO EU hemigymnum. 
AA—Disk and arms covered by a thick, naked skin, which may, how- 
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ever, contain fine granules in younger stages....section Ophiocreas. 
c—Arms one-third to one-fourth as wide as the disk diameter. 
d—Arms thirteen to seventeen times as long as the disk diameter. 
e—Skin of the disk and arms very thick ; arm spines not very slender ; 
no large depressions just outside the tentacle pores....... caudatum. 
ee—Skin of the disk and arms very thin; arm spines long and very 
slender; a large depression present just outside each tentacle pore. 
ede ο ο νο νο ον ντα 2) LUE 
dd—Arms about eight times as long as the disk diameter; skin of the 
disk and arms moderately thick; arm spines short; genital slits 
very short, situated near the interbrachial angle. .. ...... abyssicola. 
ec—Arms about one-half as wide as the disk diameter, and nine to 
twelve times as long as the same; skin of the disk and arms thick, 


covering the underlying parts very loosely.............. glutinosum. 


It is by no means easy to distinguish clearly the species of 
Asteroschema, especially those of the section Ophiocreas, owing to 
the fact that, this genus assumes different appearances according 
to its developmental stages. The oral papille are papilliform and 
arranged in a single horizontal row in younger stages, but are con- 
verted into flattened and pavement-like grains in larger specimens. 
The generative glands extend into the arm bases as two pairs of 
ribbon-shaped bodies only in the adult, the extent of the lobes 
inereasing with growth. The parts of the arms containing the 
generative glands are much widened and knotted, owing to the 
appearance of a transverse row of secondary plates on either side 
of cach arm joint. In the section Ophiocreas, the younger speci- 
mens are more granular, and the full-grown ones are almost 
entirely naked. The ratio of the arm length to the disk diameter 
increases with growth. In exceedingly young specimens of a cer- 
tain species, only a single arm spine (the adradial one in the 


larger specimens) is present for each tentacle pore. On the basis 
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of these considerations, I am convinced that, the identification and 
naming of Asteroschema merely on the ground of the oral papille, 
widened or not widened arm bases, degree of granulation, arm 
length, &e., without reference to the size of the specimens, would 
inevitably lead to a great confusion. Thus, I am obliged to 
transfer several species set up by eminent authors to the list of 


synonyms. 


Asteroschema tubiferum MATSUMOTO. 


Asteroschema tubiferum : MATSUMOTO, Proc, Acad. Nat. Sei. Philadelphia, 
1915, p. 52. 

Two specimens; Okino-sé, Sagami Sea. One specimen; off 
Misaki, Sagami Sea. 

Diameter of disk 16 mm. Length of arms 230 mm. Width 
of arms at base 4.5 mm. 

Disk rather arched, a 
little higher than the arms, 
closely covered with very 
fine smooth granules. 
Radial ribs long and nar- 
row, narrower within, 
nearly reaching the centre. 
The disk granules are 
finer and rather well 
spaced towards the centre, 
but eoarser and very close- 
seb on the radial ribs. 


Interbraehial ventral sur- 





Ν faces rather vertical, form- 
Fig. 10. Asteroschema tubiferum. x4. a. From above. . r , , 
b. From below. ing a notch, in which lie 
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the two rather large, nearly parallel genital slits. On the floor of 
caeh notch, opens one madreporie pore. Oral angles convex late- 
rally and downwards, almost filing up the oral shits. Eleven 
or twelve teeth in a single vertieal row, triangular and stout. On 
either side of the oral angle, there are several flat, smooth, pave- 
ment-like grains corresponding to the oral papillee. 

Arms long and slender, as high as wide near the base, not 
smoothly rounded, but inclined to be- quadrangular in transverse 
section, wider above than below; more distally arehed above and 
plane below, higher than wide; closely covered with fine, smooth 
granules, of whieh three or four lie in 1mm. on the dorsal side 
near the arm base. Arm joints rather distinet. First tentacle 
pore without arm spines, next three or four pores with one, and 
the rest with two spines. The abradial spine is very small, 
conical, enclosed in skin, with rough end. The adradial one is 
short and conieal in the basal joints; more distally they beeome 
longer, stouter and club-shaped, finally about as long as two arm 
joints ; enclosed in skin, rough; the minute thorns at the end of 
the spines become distally rather concentrated on the inner side 
of the spines. Oral tentacle pores and some ten basal tentacle 
pores opening by means of tubes, in which they are enelosed; 
each tube, exeept that of the oral and the first tentaele, is attached 
to the adradial arm spine on its adradial side. 

Colour in alcohol light pinkish brown or flesh-eoloured. 

This species is quite near to A. rubrum Lxwas, but differs from 
it chiefly in the mueh coarser granules on the basal parts of the 
arms, in having tentacle tubes not only for the oral tentacles but 
also for some ten first tentacles, and in the elub-shaped and rela- 


tively longer and stouter arm spines. 
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Asteroschema glaucum MATSUMOTO. 


Asteroschema glaucum: Matsumoto, Proc. Acad. Nat. Sci. Philadelphia, 
1915, p. 53. 

Three specimens; Dóketsuba, Sagami Sea; 110 fathoms. 

Diameter of disk 11mm. Length of arms 100mm. Width 
of arms at base 4 mm. l 

Disk five-lobed, the lobes being continued without any distinet de- 
mareation into the arms ; flat, about as high as the arms, elosely cover- 
ed with very fino, smooth granules. Radial ribs rather indistinet. In- 
terbraehial ventral surfaces rather vertieal, very narrow, forming a 
deep notch, in which lie the two rather large, parallel genital slits. 
Oral angles eonvex laterally and downwards, almost filling up the oral 
slits. Six or seven teeth in a 
single vertieal row, triangular 
and stout. On either side of 
the oral angle, there are seve- 
ral flat, smooth, pavement-like 
grains corresponding to the 
oral papillae. Sometimes a 
few round smooth grains 
oecur below the teeth. 

Arms as high as wide, 
very stout at the base, so 
that the interbrachial spaces 
are very narrow below; 





distally rather slender and 
Fig. 11. Asteroschema glaucum. κά. a. From above. 
b. From below. 


with fine, smooth, close-set granules, of which there are about six 
in 1mm. on the radial ribs and the arm bases. Arm joints in- 
distinet in the basal parts. First tentacle pore without arm 


higher than wide; covered 
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spines ; next four or five with one, and the rest with two spines. 
The abradial spine is very small, conical, enclosed in skin, with 
rough end. The adradial one is small and conical in the basal 
joints, distally longer and somewhat club-shaped, and slightly 
longer than the, arm joint itself; enclosed in skin, rough; the 
minute thorns at the end of the spine become distally rather 
concentrated on the inner side of the spine, and finally, towards the 
very extremity of the arms, the arm spines are transformed into 
compound hooks, each with three or four hooklets. Oral tentacles 
enclosed in tubes. The first two or three tentacle pores are also 
provided with tubes, though rudimentary. 

Colour in alcohol pale gray. 

This species is very near to A. salye Lyman, but differs 
from it chiefly in the coarser granules of the disk and arm bases, 
in the stout arm bases being as wide as high, in the much shorter 


arm spines, and in the oral tentacles being enclosed in tubes. 


Asteroschema hemigymnui MATSUMOTO. 

Asteroschema hemigymnum: Matsumoto, Proc. Acad. Nat. Sci. Phila- 
delphia, 1915, p. 53. 

One specimen ; off Misaki, Sagami Sea. 

Diameter of disk 10mm. Length of arms 120mm. Width 
of arms at base 3mm. 

Disk rather flat, divided into ten lobes corresponding to the 
radial ribs by ten radiating furrows, covered by a skin, which 
contains very fine, smooth, close-set granules. Interbrachial ven- 
tral surfaces rather vertical, narrow, forming a deep notch, on the 
floor of which opens one madreporie pore. Genital slits rather 
short, a little diverging dorsally. The ventral surface of the disk 


is covered by a finely and rather sparsely granulated skin. Oral 
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angles not markedly set off from the outer parts. Six or seven teeth 
arranged in a single vortieal 
row, very stout. On either 
side of the oral angles, 
there occur several coarse, 
flat, smooth, pavement-like 
grains corresponding to the 
oral papillee. 

Arms very stout for 
the first three or four free 
joints, but becoming rather 
slender further out; their 
width just outside the 
fourth free joint is 2.5 mm. 


They constantly taper 





Fig. 12. Asteroschema hemigymnum. x6. α, From outwards, so that they me 
above. b. From below. exeeedingly slender — to- 
wards the extremities, and acute at the tips. Dorsal and lateral 
surface of the arms covered by a skin, which is similar to that 
of the disk and contains very fine, smooth, close-set granules, of 
which there are about five in 1mm. on the dorsal surface of tho 
arm bases. The granules become much finer outwards, and almost 
disappear nearer the extremity of the arm. The vertebra are 
visible through the skin, but the surface of the arms is practically 
smooth and without distinct demarcations of the joints, except in 
the first three or four free joints, which arc marked off by shallow 
constrictions. The ventral surface of the arms is entirely naked, 
and the lateral and ventral arm plates are clearly visible through 
the skin. First tentacle pore without arm spines; next four or 
five with one, and the rest with two spines. The abradial spine 
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is very small, cylindrical, enclosed in skin, more or less rough at 
the free end. The adradial one is club-shaped, enclosed in skin, 
very rough at the free end. The arm spines are largest at tho 
middle of the arms, the adradial one being one and a half times 
as long as, and the abradial one a little shorter than, the cor- 
responding arm joint. They are transformed into compound hooks 
with three to six hooklets towards the very extremity of the arm. 
The oral tentacle pore and the first three or four tentacle pores 
are provided with tubes. 

Colour in aleohol grayish brown. 

Like A. intectum Lyman and <A. migrator Kantrn, this 
species appears to be an intermediate form between the sections 


Asteroschema 5, str. and Ophiocreas. 


Asteroschema (Ophiocreas) caudatum (LYMAN). 


Ophiocreas caudatus: Lyman, Bull. Mus. Comp. Zool, VI, 1879, p. 64, 
Pl XVI, figs. 439-442; Lyman, Rep. Challenger, V, 1882, p. 281, Pl. 
XXXII, figs. 5-8. 

Ophiocreas cdipus:  CrARK Bull U. S. Nat. Mus, LXXV, 1911, p. 
283. (Non Lxwaw, 1879.) 

Asteroschema (Ophiocreas) sagaminum: DÖDERLEIN, Abh. Math.-Phys. 
KI. K. Bayer. Akad. Wiss, Suppl.-Bd. I, 1911, p. 60, Pl VI, figs. 6 ἃ 
6a, PL VI, fg. 10. 

Asteroschema (Ophiocreas) ceudatum + DöDERLEN, ibid., p. 113. 

One specimen ; Ôtaba, Sagami Sea; 420 fathoms. Numerous 
specimens ; outside Okinosé, Sagami Sea ; 330 fathoms. Numerous 
specimens ; Sagami Sea. 

These specimens range from very small to very large ones. 
In the largest one, the disk is 25 mm. in diameter, and the arms 
are 420 mm. in length and 7.5 mm. in width. The oral tentacle 
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pores and some ten basal tentacle pores open by means of tubes, 
a character which was over- 
looked by Lyman. Colour in 
alcohol, light pinkish brown, 
or dark brownish purple, df 
the specimens have not lain 
in alcohol for a- long time. 
The dermal granules, which 
are present in the arm bases: 
and the disk, are more con- 
spicuous in smaller specimens. 
.I have failed to find any impor- 


tant distinguishing characters 





between A. sagaminum Dópzn- 
το ο ο tie, seat uiv amd the young specimens 

of corresponding size of the 
present species, so that [ consider the former as a synonym of 
A. caudatum. 

In this species, the ribbon-shaped generative glands reach out 
to an enormous extent. In a specimen with the disk diameter of 
25mm., they extend outwards about 180 mm. and as far as the 
seventieth free arm joint. The parts of the arms containing the 
generative glands are quadrangular in transverse section, covered 
dorsally by a much wrinkled skin, and have, on the dorsal and 
lateral sides of each joint, a row of plates supporting and protect- 
ing the cavity in which the generative glands lic. These plates 
are replaced by double rows of minute scales in the sterile parts 
of the arms. In smaller specimens, the generative lobes are con- 
fined to the short basal portion of the arms, which is much 


widened. Thus, specimens of about 12 mm. in the disk diameter: 


» 
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much resemble the type of A. edipus (Lyman), but are distinguish- 
ed from it chiefly by the presence of abundant dermal granules, 
by the much shorter and stoutor arms, and by the tentacle pores 
with a single spine extending further into tho arms. 

Through Dr. 1T. L, Cras. kindness, 1 was able to examine a 
specimen of his “ Ophiocreas wdipus" from Japan. -It is, in my 
opinion, undoubtedly referable to the present species, so I have no 
hesitation to drop Asteroschema (Ophiocreas) edipus from the list 
of Japanese ophiurans. 


Asteroschemu (Ophiocreas) japonicum (KEMER). 

Ophiocreas juponicus: Τα, Bull. Sci. Pr. Belg, XLI, 1907, p. 
346, PL XIV, fig. 54. 
Ophiocreas papillatus: Οκ, Bull. Mus. Comp. Zool, LT, 1908, p. 
298. 

alsteroschema (Ophiocreas) japonicus: DOóDERLEIN, Abh. Math.-Phys. 
Kl K. Bayer, Akad. Wiss. Suppl-Bd. I, 1911, p. 59, PI. VI, figs. 5 & 5w, 
Pl. VII, fig. 9. 

Asteroschema (Ophiocreas) monacunthum: ibid, p. 58, PL VI, figs. 
9-9 0. 

Asteroschema (Ophiocreas) enoshimunum: ibid., p. 60, Pl. VI, figs. 8 
& 8a. 

One specimen ; Suruga Gulf. Three specimens ; Okinosé, Saga- 
mi Sea; 290 fathoms. Numerous specimens; outside Okinosé: 
330 fathoms, Numerous specimens; Sagami Sea. 

These specimens range from very small to very large oncs 
representing all growth stages. In the larger ones, the skin is 
entirely free of granules. In somewhat smaller specimens, the 
skin contains some granules in the disk and arm bases, while in 
still smaller ones, the skin is strongly granulated on the dorsal, as 
well as on the ventral, surface of the disk and arms. "The oral 
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papille appear to have been overlooked by Kanner and DÖDERLEIN, 
but they are present in the form of several flat, smooth, pave- 
ment-like grains, which are however not very distinct in larger 
specimens, but are more 

a prominent and papilliform 

in smaller ones. KŒHLER, 


Crank and DÖDERLEIN er- 


ος L C roneously call the depression 
CSS C just outside the tentaele pore 
SS ue A large tentacle pore, but this 
GLO large depression is distinct 


τρ ax i i 
KC N Su from the pore itself. DöDER- 
qp & 7v > Yp LEIN doubts the taxonomic 
is = ` qi | value of this depression, but 
up É & y it is present in all my speci- 


mens and in no other species 
Fig. 14. Asteroschema (Ophiocreas) japonicum. x4. 


d. From above. b. From below, in my knowledge o l have 


examined pieces of arms of 
the foregoing and the present species after boiling them in potash. 
In A. caudatum, the bar-like lateral arm plates are stout, with 
much widened adradial ends, and the ventral arm plates are 
divided into right and left halves, so that the spaces for the 
tentacles are very small In A. japonicum, the bar-like lateral 
arm plates are very slender, with feebly widened adradial ends, 
and the ventral arm plates are very small and granuliform, so 
that the spaces for the tentacles are very large. Thus, I have no 
doubt that, the depression in question of the present species is a 
specific character. 
I have compared Ophiocreas papillatus CLARK, A, enoshimanum 


DÖDERLEIN and A. monacanthum DónrnrtENN with the corresponding 
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specimens of the present species, and I am quite satisfied as to 
their specific identity. The three forms just mentioned are, in iiy 
opinion, merely younger stages of the present species before the 
disappearance of the dermal granules and the occlusion of the oral 
papille ; A. monacanthum, being the youngest, is only 4 mm. across 
the disk and has only the adradial arm spine. In slightly larger 
specimens, the abradial spine begins to appear as a very small 
rudiment. 

The specimens are light pinkish brown or flesh-coloured in 
alcohol, or dark brownish purple, if they have not lain in alcohol 
for a long time, or sometimes yellowish brown, when badly pre- 
served in weak alcohol. 


Asteroschema (Ophiocreas) abyssicola (LYMAN). 
Ophiocreas abyssicola: ΤΥΜΑΝ, Bull. Mus. Comp. Zool, VI, Pt. 2, 
1879, p. 64, Pl. XVII, figs. 470-473; ΓΧΜΑΝ, Rep. Challenger, V, 1882, p. 
282, Pl. XXXII, figs. 1-4. 
Asteroschema (Ophiocreas) abyssicola: Doprertery, ΑΡΗ. Math.-Phys. 
ΚΙ. K. Bayer. Akad. Wiss, Suppl.-Bd. I, 1911, p. 113. 
Eastwards from Honshü; 2,300 fathoms (Παλ). 


Asteroschema (Ophiocreas) glutinosum DÖDERLEIN. 

Asteroschema (Ophiocreas) glutinosum: DÖDERLEIN, Abh. Math.-Phys. 
Kl. K. Bayer. Akad. Wiss., Suppl.-Bd., I, 1911, p. 59, PI. VI, figs. 5 & 5 «, 
Pl. VII, fg. 9. 

One specimen (belonging to the First High School); Sagami 
Sea. Numerous specimens, clinging to a gorgonacean, together 
with some specimens of A. caudatum and A. japonicum ; outside 
Okinosé, Sagami Sea; 330 fathoms. 


The ratio of the arm length to the disk diameter is much 
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smaller in smaller speei- 
mens. Three of the above 
specimens are six-armed, 
but there is no traee of 
schizogony. On either side 
of the oral angles, there 
are several flat, smooth 
pavement-lke granules, 
‘which are however not 
very distinct. Sometimes, 
there oceur one or two 
papiliform grains below 
the teeth. The colour 
is white in aleohol, or 
brown, if the specimens 
have not lain in alcohol 


for a long time. 





Fig. 15. Asteroschema (Ophiocreas) glutinosum. α. In Astroceras, Astero- 
From above. x3. bD. From above. x2. e From schema and Trichaster, the 


below. x3. 
generative glands extend 


into the arms as ribbon-shaped bodies, and as a consequence, the 
arms present ecrtain peculiar features. The parts of the arms 
containing the gencrative lobes are more or less widened, quadran- 
gular in transverse section; strongly knotted, and has a conspicu- 
ous dorsal median groove. In Astroceras and Asteroschema, there 
are two pairs of generative glands in cach arm, and the parts 
containing them present a knotted appearanee, owing to the pre- 
sence of transverse ridges on either side. .In ,the first named 


genus, these ridges are formed by bar-like plates, but in the latter 
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by a row of plates, supporting and protecting the cavity in which 
the generative glands lie. In the sterile parts of the arms, these 
plates are replaced by two rows of nodules in each joint in 
Astroceras, and by two rows of minute scales in Asteroschema. Tn 
Trichaster, there are four pairs of generative glands in each arm, 
which bears masses of irregular nodules. These nodules are ar- 
ranged in two layers and form three or four rows on either sido 
of each joint in the proximal parts of the arms: two of the rows 
belonging to the internal layer, two to the external layer on the 
ventral side and one on the lateral sido. Besides, there is a large 
nodule on the upper end of the ridge formed by the rows of 
nodules on either side of cach joint. "These nodules form two 
longitudinal rows of humps on each arm. In the sterile part of 
the arms, the nodules are replaced by two rows of scales in each 
joint. The species in which the extension of the generative glands 
into the arms has been observed are shown below, together with 
some additional facts. 














Species. ἔπ Γεν. 
of specimen. generative glands, | foregoing part. 
Astroceras pergamena 7 mm. 10 9mm. 
Asteroschema tubiferum 16mm. 8 15 mm. 
5: glaucum 11mm. 0 0 
" hemigymnum 10 mm. 4 5mm. 
" caudatum 25 mm. 10 180 mm. 
» » 12mm. 6 10mm. 
53 japonicum 31mm. 46 120 mm. 
» m 22 mm. 10 20 mm. 
5 glutinosum 25mm. 13) 25 mm. 
» » 15mm. 9 15mm. 
Trichaster elegans 33 mm. uc 165 mm. 
32 mm. 36 120 mm. 


32 25 
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Astrocharis ijimai MATSUMOTO. 

Astrocharis ijimai: Matsumoto, Proc. Acad. Nat. Sci. Philadelphia 
1915, p. 54. 

Numerous specimens, clinging to a coral; Misaki, Sagami Sea. 

Diameter of disk 4.5mm. Length of arms 50mm. Width 
of arms at base 2.5 mm. 

Disk five-lobed, with deeply indented interbrachial borders, 
with the lobes emarginate towards the arms, flat, sunken at the 
central region, raised at the lobes, covered with very fine, smooth, 
irregular scales; which are very closely set and partly imbricated. 





Fig. 16. Astrocharis ijimai. a, From above, x9, b. From below. x10. 


Radial shields naked, very small, triangular, with the apex turned 
within, tuberculous when examined under the microscope. Inter- 
brachial ventral surfaces forming very deep notches, exceedingly 
narrowed by the very wide arm bases. Two genital slits, small, 
parallel, nearly vertical. On either side of each lobe of the disk, 
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lies the naked genital plate, which is large, oval, and tuberculous 
under the microscope like the radial shields. Thus, cach inter- 
brachial ventral surface is bounded on either side by the genital 
plate. Oral angles puffed laterally, almost filling up the’ oral slits. 
Teeth small, triangular, arranged in a single vertieal row. No oral 
or dental papilla. 

Arms very wide at the base, keeping the same width to the 
distance of about 4 or 5mm., then rather rapidly narrowed, pe- 
coming slender and cylindrical, with the width of about 1 mm. ; 
covered with scales similar to those of the disk. Arm joints in- 
visible in the proximal part, but more or less distinct. distally. 
First tentacle pore without arm spine, the following ones with one 
spine, which is very small, short, peg-like, somewhat flattened, 
rough at the end under the microscope, lying flat on the ventral 
surface of the arm. Half Way out in the arms, the tentacle pores 
are each provided with two spines, of which the second or the 
abradial oue is exceedingly small and rather inconspicuous ; while 
the adradial one is a little longer and erect. 

Colour in aleohol white or light pale yellow. 

In smaller specimens, the arms are scarcely widened at the 
base, which is also the case in regenerating ones; for, schizogony 
takes place in this species, as in the genotype; A. virgo KEHLER. 
Most specimens are five-armed, but the arms are often unequal, 
two or three being larger than the others. I have, however, one 
specimen with six arms, threo larger and three smaller. In the 
four-armed specimens, two or threo of the arms may be larger 
and the other two or one smaller. Still another specimen has 
only three arms and three pairs of radial shields, doubtless in- 
dicating that it has lately undergone division, and that the lost 
parts have not been regenerated, It can be easily observed in 
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this species that, only two arms may sometimes be regenerated in 
plaee of three, or one in place of two. 

This species can be distinguished very easily from the geno- 
type, A. virgo. The arms are slightly less widened at the base 
and keep their width for a less extent. The arm spines are only 
one to each tentacle pore for over half the length of the arms, 
while in the genotype, two are present even in the basal region. 
Finally, the disk and arms are covered with fine scales instead of 
granules. 

In this species, the widening of the arm bases is caused by 
the widening of the vertebrae, and is not accompanied by the ex- 
tension of the generative glands, so that even in the widened part, 
the arm covering of the dorsal side is in direct contact with the 
vertebre. I. suppose that this condition is a generic character, 


though there is no observation on this point in the genotype. 
fæ] 1 (=) yl 


Family 3. Gorgonocephalidze (DópEnrzis, 1911) mihi, 1915. 


Disk and arms covered by a thick skin, which contains 
granules, very often beset with stumpy tubercles. Radial shields 
long, bar-like, forming a system of radiate ribs. The radial shields 
and genital plates articulate with each other by means of a trans- 
verse ridge on both the plates. Genital plates long and stout, 
genital. scales small Oral and adoral shields very small, the 
former being often separated from the latter by a mosaic of sup- 
plementary plates. Teeth and dental papillæ, often as well as oral 
papilla, similar, spiniform, acute, forming a clump or cluster at 
the apex of each jaw. Peristomial plates entire, stout, soldered 
with the also very stout oral frames. Arms exceedingly long, 


simple or branched, vertically coiled. Dorsal arm plates represent- 
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ed by double rows of hook-bearing granules, so that the arm is 
annulated by the minute hooks. Lateral and ventral arm plates 
confined to the ventral side of the arm. More than three arm 
spines, all ventral in position, serving as tentacle scales. Vertcbra: 
very short and exeeedingly stout, discoidal, with typically strepto- 
spondyline articulation. Upper museular fossw of the vertebrae ex- 
tremely large, the lower very small. This family ineludes twenty- 
four genera, which may be grouped into two subfamilies. 

Subfamily 1. Gorgonocephaline mihi, 1915:—-Teeth, dental 

papille and oral papille all similar, spiniform; oral angles not 
strongly projected ventrally; genital shts small, often pore-like, 
lying near the disk border; basal vertebræ not very small, not 
covered over by the muscles lying between the basal vertebrae: and 
genital plates; arms simple or divided; those forms with arms 
simple or divided a few times have no supplementary plates in 
the spaces between the oral angles and the interbraehial ventral 
surfaces, while those with arms divided many times have well 
developed supplementary plates in the spaces mentioned. 

I. Arms simpic or divided a few times; no supplementary 
plates in the spaces between the oral angles and the 
interbraehial ventral surfaces. 

a. Arms simple. 

Astrogomphus LyMax, 1869. 

Astrochlamys Xamnrgn, 1912. 

Astrochele VERRILL; 1878. 

Asteroporpa ŒRSTED & LürkEN, 1856. 
b. Arms divided a few times. 

Astrocnida Lymay, 1872. 

Conocladus Cuark, 1909. 


IL. Arms divided many times; supplementary plates well 
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developed between the oral angles and the interbrachial 
ventral surfaces. 
a. Madreporite single. 
Astroconus DóvrRLEIN, 1911. 
Gorgonocephalus Leacn, 1815. 
Astrodendrum DÖDERLEIN, 1911. 
Astrocladus VERRILL, 1899. 
Astrospartus DÖDERLEIN, 1911. 
Astroboa DÖDERLEIN, 1911. 
Astrophyton Motien & TroscHeL, 1842. 
Astrochalcis Kamrzn, 1905, 
Ophiocrene Brun, 1894. 
b. Madreporites five. 
Astrogordius DÖDERLEIN, 1911. 
Astrocyclus DÖDERLEIN, 1911. 
Astrocaneum DÖDERLEIN, 1911. 
Astrodactylus DÖDERLEIN, 1911. 
Subfamily 2. Astrotomince Μλτβυμοτο, 1915:—Teeth and 
dental papill similar, spiniform ; oral papille very rudimentary or 
entirely absent; oral angles strongly projected ventrally ; genital 
slits rather large, long, extending nearly from the inner corners of 
the interbrachial ventral surfaces to the disk border ; basal vertebrae 
very small, distinctly narrower than those just beyond, covered ` 
over by the muscles lying between the basal vertebrae and genital 
plates; arms simple or divided a few times; well-developed sup- 
plementary plates present in the spaces between the oral angles 
and the interbrachial ventral surfaces. 
a. Arms simple. 
Astrothamnus Marsumoro, 1915. 
Astrothrombus Crank, 1909, 
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Astrothorav DÖDERLEIN, 1911. 
Astrotoma Lyman, 1878. 

b. Arms divided a few times. 
Astrocolon Lymax, 1879. 

Lymax, whose erroneous interpretation of certain parts in 
Euryale aspera was pointed out before, has made a similar mistake 
in the present family, inasmuch as he states that, in Astrocnida 
isidis (DucHASSAING), Gorgonocephalus arcticus Leach [=G. agassizi 
(Lyman)] and G. chilensis (Ρηττηρντ), the genital slits are not sur- 
rounded by any * bursa" but directly penetrate into the “ peri- 
toneal cavity,” in which the gencrative glands lie. I have studied 
the internal structure of Astrochele lymani VERRILL, Asteroporpa 
hadracantha Cuarx, Gorgonocephalus tuberosus DÖDERLEIN, G. arcticus, 
G. caryi (Lyman), G. dolichodactylus DöDERLEIN, Astrodendrum saga- 
minum (DODERLEIN), Astrocladus annulatus Marsumoro, A. coniferus 
(DopERLEIN), Astroboa arctos MxrsuxOTO, Aslrothamnus echinaceus 
Marsumoro and Astrotoma sobrina Marsumoro, and am convinced 
that, Lymax’s “ peritoneal cavity” is not the genuine peritoneal 
cavity but merely the genital burse, which are very spacious and 
communicate with each other, and usually also with the perihemal 
canal, so as to form a single compound cavity; the genuine peri- 
toneal cavity is perfectly divided into five radial compartments, 
which are entirely filled up by the very voluminous, folded genc- 
rative glands, and no longer appear as cavities; the generative 
glands do not lie in Lyxaw's “ peritoneal cavity,” i.c. genital burse, 
but are separated from them by a thin but distinct membrane 
and lie morphologically outside them. As T have already pointed 
out in Euryale aspera, the fact that the brachial body cavity. 
whieh is the direct continuation of the true peritoneal cavity, 


has no direct communication with Lyman’s * peritoneal cavity,” 
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ie. genital burs, also in these gencra, is a decisive proof against 
Lyman’s interpretation. 

According to Lyman, As!rogomphus vallatus Lyman has a very 
simple oral skeleton, which “somewhat recalls the shape in 
Ophioscolev, though the peristomial plates are entire and trans- 
yersely oval" Lupwia’s ‘first ventral arm plate’ is present at the 
upper outer corner of the oral slit. The radial shields are long, 
bar-like, narrow, composed of several overlapping secondary plates 
soldered together. Again, according to Lyman, in Astroenida isidis 
the digestive cavity has its roof firmly attached to the body wall, 
but the floor is entirely and the sides partially free. The periheemal 
canal is entirely closed, and judging from Lyman’s statements, the 
genital burse appear to communicate with one another so as to 
form a single compound cavity, regarded by Lywan as the “ peri- 
toneal eavity." I do not know any other genus of the present 
family with entirely closed perihemal canal. 

My own observations have been made upon Astroehele 
lymani and Asteroporpa hadracantha, as representatives of the 
simple-armed genera of the Gorgonocephaline. In the first named 
species, the radial shields are long, narrow, bar-like, almost reach- 
ing the centre of the disk, composed of several overlapping 
secondary plates soldered together. “The genital plates are stout, 
lying close to the sides of the basal vertebrw. The genital scales 
are very small, flat, lamella-like, articulated to the genital plates 
at a short distance from the outer ends of the latter. The basal 
vertebree within the disk are not covered over by the museles 
lying between them and the genital plates. The peristomial plates 
are entire, very large, roughly pentagonal, with the longest side 
inwards and the most obtuse angle outwards, much wider than 


long, closely soldered with the oral frames, which are rather 
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simple and not very stout. Lupwia’s ' flrst ventral arm plate’ is 
present at the upper outer corner of the oral slit. The oral plates 
are very slender and rather long. ‘The interradial attachments of 
the floor of the gastral cavity extend from the middle of the peri- 
stomial plates outwards, and the radial attachments from the outer 
end of the first vertebree outwards. The perihsemal canal and 
genital burse communicate with cach other, so as to form a single 
cavity, which is however divided into ten radiating compartments 
by the radial and interradial attachments of the floor of the 
gastral eavity. ‘The peritoneal cavity is perfectly divided into five 
radial compartments, which is entirely filled up by the generative 
glands. The ventral arm plates are present, being represented by 
two or three secondary plates. ‘he minute hooks of the arm 
annulations are comparatively coarse, being composed of from one 
to three supplementary hooklets, besides the main terminal one. 
In Asteroporpa hadracantha, the radial shields are entire instead of 
being composed of several secondary plates, stout and very thick. 
The interradial attachments of the floor of the gastral cavity ex- 
tend from the outer end of the peristomial plates outwards. The 
ventral arm plates are entire, quadrangular, slightly separated by 
the adradial parts of the bar-like lateral plates. The minute hooks 
are much finer than those of the foregoing species, having only a 
single supplementary hooklet besides the main one, as in many 
higher genera. The other structures are almost similar to those of 
the preceding species. In higher genera with the arms branched 
many times, the genital plates lie at the lower lateral sides of the 
basal vertebre, and do not extend inwards to the first vertebrae, 
as they do in the simple-armed genera. 

The species of Gorgonocephalus may be divided into three 


groups on the basis of the attachments of the gastral pouches to 
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the basal vertebrae, Œ. tuberosus representing the first, G. arcticus 
the second, and G. dolichodactylus the third. In G. tuberosus, the 
floor of the gastral cavity is almost free from the basal vertebre, 
except in the very peripheral parts, where it is attached to the 
one or two vertebre just inside the disk border. In G. arcticus, 
the floor of the gastral cavity is firmly attached to the basal ver- 
tebree within the disk, save one or two first vertebre which are 
frec from the gastral wall Οἵ. caryi and, according to Lyman, also 
G. chilensis belong to this type. In G. dolichodactylus, the attach- 
ments of the floor of the gastral cavity to the basal vertebre ex- 
tend from the second to the sixth vertebrm, so that the two com- 
partments of the perihemal canal plus genital bursæ on either side 
of a radius communicate together in two places, one lying inwards 
just above the second vertebra and the other outwards just above 
the sixth vertebra. In all the three types, the gastral cavity is 
divided into ten radiating compartments, the radial and interradial 
gastral pouches, of whieh the walls again present radiating folds 
and are thickened by the presence of tho inner layer of yellowish 
or brownish glandular cells, the foldings and thickenings being 
however more prominent in the second and third types than in 
the first; and the peritoneal cavity is perfectly divided into five 
radial compartments, which are entirely filled up and obliterated 
by the very voluminous, strongly folded generative glands. 
The internal differences appear to me to be correlated with 
certain external features; the first type being characterised by 
the high disk and strongly concave interbrachial ventral surfaces, 
the second by the low disk and flat interbrachial ventral surfaces, 
and the third by the very high outer ends of the genital slits. 
Astrodendrum sagaminum is almost similar to the second type of 


Gorgonocephalus in its internal structure. In Astrocladus annulatus, 
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the general plan of the internal structure is similar to that of the 
second type of Gorgonocephalus ; while in Astrocladus coniferus, the 
plan is that of the third type, though the foldings of the gastral 
pouches, as well as of the generative glands, aro more complex 
and the layer of the glandular cells of the wall of the gastral 
cavity is extraordinarily thick, so that the cavity itself is much 
less spacious. In Astroboa arctos, the internal structure is essen- 
tially similar to that of the preceding, but there is often a fenestra 
in each interradial septum between the two compartments of the 
perihemal canal plus genital burse on oither side of an interradial 
line, placing the two in communication with cach other. Τη this 
species, the inner side of the dorsal surface of the vertebra is 
strongly convex, and the outer side correspondingly concave. 
DópERLEIN has divided the Gorgonocephalide into two sub- 
families according to the presence or absence of supplementary 
plates in the spaces between the oral angles and the interbrachial 
ventral surfaces. But his statement is in my opinion based on an 
error, because my Astrotomine evidently have the supplementary 
plates in question. In Astrothammus echinaceus, the supplementary 
plates in question are well developed, and the adoral shields are 
separated by them from the interbrachial ventral surfaces. Besides, 
there occurs a not very large supplementary plate among the 
adoral shields and oral plates. The greater inner parts of the oral 
plates markedly project ventrally. The oral skeleton is firmly 
soldered together. The peristomial plates are entire, irregular in 
shape, with convex dorsal surface. The oral frames are humped 
dorsally near the outer ends, being much higher than the basal 
vertebra. Lupwie’s ‘first ventral arm plate’ is present at the 
dorsal side of the distal end of each oral slit, being firmly solder- 


ed with the oral frames. The second to sixth vertebrae are markedly 
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small and narrow, being narrower than the first vertebra and the 
basal free vertebrae of the arms, and are covered over by the 
museles lying between them and the genital plates. The genital 
plates are very stout, lying close on the sides of the adjacent ver- 
tebre. The genital scales are very small, articulated to the outer 
parts of the genital plates. The radial shields are long, narrow, 
thick, with humped interior surfaces, nearly reaching the disk 
centre. The gastral cavity is divided into ten radiating pouches, 
the roof being firmly attached to the body wall. The floor of the 
gastral cavity has ten attachments, the radial ones extending from 
the second vertebra to the disk margin and the interradial ones 
from the peristomial plate to the same. The perihemal canal 
commuicates with the genital burse, which are very spacious. 
The peritoneal cavity is perfectly divided into five radial compart- 
ments, which are entirely filled up by the generative glands. The 
ventral arm plates are rhomboidal, much wider than long, separated 
from one another by the lateral arm plates, which meet each other 
in the ventral median line. The abradial parts of the lateral plates 
strongly project ventrally to form a very prominent spine ridge. 
The minute hooks of the annuli of the arms are compound, being 
composed of a terminal main hooklet and of three to five comb- 
like supplementary ones. In Astrotoma sobrina, the essential 
structure is almost similar, but the supplementary plates in the 
spaees between the oral angles and the interbrachial ventral sur- 
faces are better developed; the muscles lying between the basal 
vertebre and the genital plates are more massive; the radial 
shields are distinctly keeled ventrally; the radial attachments of 
the floor of the gastral cavity extend from the first vertebre to 
. the disk border; and the minute hooks of the annuli of the arms 
are composed of from one to three supplementary hooklets, besides 
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the terminal main one. According to DÖDERLEIN, the minute hooks 
of the annuli of the arms of Astrothoravx misakiensis DÖDERLEIN 
have a single supplementary hooklet, besides the terminal main 
one. The position of the madreporic shield of Astrotoma agassizi 
Lyman is almost the same as in Astrospartus, and such a position 
of the shield is hardly possible unless the supplementary plates are 
present in the space inside the interbrachial ventral surface. 


Key to Japanese genera of Gorgonocephaline. 


A—Arms simple; no supplementary plates in the spaces between the 
oral angles and the interbrachial ventral surfaces; annulations of 
the arms continued onto the dorsal side of the disk, so that the 
latter is concentrically annulated as a whole .......... Asteroporpa. 

AA—dArms divided from the base; supplementary plates present in the 
spaces between the oral angles and the interbrachial ventral sur- 
faces; disk not concentrically annulated. 

a—Arm spines present from the very base. 

b—Interbrachial margins of the disk with a row of marginal scales .. 
ορ DORT ο... Gorgonocephalus. 

bb—Marginal disk scales absent .............. woes. Astrodendrum. 

aa—Arm spines absent at least within the first bifurcation; marginal 
disk scales absent. 

c—Arm spines present within the second or third bifmcation ...... me 
ο ο ο EE OE OU TOL SL MELDE Astrocladus. 


cc—Arm spines absent at least within the fourth bifurcation. . Astroboa. 


Asteroporpa hadracantha CLARK. 


Asteroporpa hadracantha: CLARK, Bull. U. S. Nat. Mus., LXXV, 1911, 
p. 280, fig. 142. 


One specimen ; Uji-shima, Ósumi ; 80—90 fathoms. One speci- 
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men; Oniga-sé, Sagami Sea; 150-200 fathoms. One specimen; 
locality unknown, probably Sagami Sea. 

Eastern Sea; 103 fathoms (Crarx). Off Omai Zaki, Yenshü 
Sea; 34-37 fathoms (Crank). Off Suno Saki, Sagami Sea; 44-50 
fathoms (CLARK). 

The largest one of my 
Specimens measure 7 mm. across 
the disk and 35 mm. in the 
length of tho arms. In one 
specimen, some of the super- 
ficial granules of the disk and 
arms, both above and below, 
bear here and there a very long 


glassy hair. 


Ophiocrene BELL and the 
Ophiocrenoid stage. 





The curious genus, Ophio- 
Fig. 17. Asteroporpt hadracantha, x8. a. 


DOE UE n. Prom Delow. crene DELL, is characterised by 


the disk being covered mostly 
by the naked primary plates and by the radial shields being 
not long and bar-like but short and rounded. [I have two very 
small, generieally and specifically indeterminable specimens, which 
are almost similar to Ophiocrene in dorsal view, but differ from it 
in the occurrence of arm spines even in the very base of the 
arms. According to Lyman and Guuegc, very young specimens of 
Gorgonocephalus arcticus Leach (=G. agassizi) also have the disk 
essentially similar to that of Ophiocrene. I therefore imagine that, 
the disk characters of Ophiocrene occur in a certain young stage 
of many—presumably all—genera of the Gorgonocephalide, and 
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propose the name ophiocrenoid for it. Judging from the presence 
of a single madreporite and the absenee of the arm spines in tho 
basal parts of the arms, Ophiocrene may probably be the ophio- 
crenoid stage either of Astroboa or of Asfrochalcis; and if this 
connection should be proved, Ophiocrene has priority as a generic 


name. 


An Ophiocrenoid stage of one of the Gorgonocephaline. 


Two specimens ; Mera-out-Oisegaké, Sagami Sea ; 300 fathoms. 

Diameter of disk 2.5 mm. Arms twice divided; length of the 
primary shafts 3mm., of the secondary shafts 2.5 mm., and of 
the last shafts 1.5 mm. Width of arms at base 0.7 mm. 

Disk five-lobed, rather 
high, with strongly concave 
interbrachial borders, cover- 
ed by a pavement of naked 
plates, among which the 
central, five radials, five 
interradials, as well as the 
radial shields are most con- 
spicuous, with convex sur- 
faces. The secondary plates 
are very small and incon- 
spicuous, and form a system 


of zones surrounding the 





ea Ventral side of Fig. 18. An Ophiocrenoid (? Gorgonocephalus or 


disk covered by a granulated Astrodendrum). x20, a. From above. b. From 
below. 
skin, through which the oral 


and adoral shields can be seen as being entire and without sup- 


70 ART. 2.—H. MATSUMOTO : 


plementary plates. Teeth, dental papillae and oral papille very 
few in number. 

Arms covered by a pavement of flattened, polygonal granules, 
and distinctly annulated by double rows of compound hooks, of 
which the terminal hooklet is smaller than the accessory one. 
Ventral side of arms covered by a naked skin, through which the 
ventral and lateral arm plates are visible. Two small, peg-like 
arm spines occur on the second and outer lateral arm plates. 

Colour in alcohol white. 

The smaller one of the two specimens is only 1mm. across 
the disk and has the arms divided only once. The disk is entirely 
covered with the primaries and the radial shields, secondary plates 
being absent. The arms are not yet annulated by the double 
rows of compound hooks, but there are from three to five second- 
ary plates in place of each dorsal arm plates, so that the dorsal 
view of the arms reminds us of that of Hemieuryale. 


Key to Japanese species of Gorgonocephalus. 


A—Arms composed of short shafts; arm spines almost as long as the 
corresponding arm joint. 
a—Teeth and papilla, as well as arm spines, very acute; internal 
structure of the first type. ........... PRO oos goo oues tuberosus. 
aa—Teeth and papille, as well as arm spines, blunt; internal structure 
‘of tlie second. typene... nesre ο sie ere ne a eee caryt. 
AA—Arms composed of long shafts; arm spines shorter than half the 
corresponding arm joint; internal structure of the third type...... 


GST οσον ορ ο ο Gr. 5.6 dolichodactylus. 


Gorgonocephalus tuberosus DODERLEIN. 


Gorgonocephalus tuberosus: DÖDERLEIN, Zool Anz, XXV, 1902, p. 
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322; DÖDERLEIN, ΑΡΗ. Math.-Phys. Kl. K. Bayer. Akad. Wiss, Suppl.-Bd. 
I, 1911, p. 33, Pl IL, figs. 1 & 9. 

Four specimens; off Misaki, Sagami Sea. 

Sagami Sea; 240 m. (DÖDERLEIN). 

The largest one of my specimens is 56mm. across the disk, 
which is beset with very numerous rough tubercles. One speci- 
men (fig. c), measuring 27 mm. across the disk, closely resembles 
the next species, almost agrec- 
ing with Lywan’s description 
of the same, exeept that the 
apparent granules, which are 
seattered on the disk, are in 
reality very fine, rough 
spinules as ascertained by an 
examination under the micro- 
scope. A vertical seetion of 
this speeimen showed that it 
had the internal structure of 
the first type. I am inclined 





to regard this speeimen as 

possibly a natural hybrid þe- Fig. 19. Gorgonocephalus tuberosus. a. From 
E above. x14. b. From below. x1}. ο. From 

tween the typical G. tuberosus above. x2. 

and the next species, as the 


two oecur almost in the same place. 


Gorgonocephalus caryt (LYMAN). 


Astrophyton caryi: Lyman, Proe. Boston Soc. Nat. Hist, VII, 1860, 
p. 424^ ; Lyman, Ill. Cat. Mus. Comp. Zool, I, 1865, p. 184. 


1) This paper was not seen by me. 
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Astrophyton stimpsonii : VERRILI, Proc. Boston Soc. Nat. Hist., XII, 
1869, p. 388.» 

Gorgonocephalus caryi: Liymax, Rep. Challenger, V, 1882, p. 264; 
Crank, Bull. U. S. Nat. Mus, LXXV, 1911, p. 287. 

Gorgonocephalus stimpsoni: Lyman, loc. cit., 1882, p. 264. 

Gorgonocephalus japonicus: DÖDERLEIN, Zool Anz, XXV, 1902, p. 
322; DÖDERLEIN, Abh. Math.-Phys. Kl. K. Bayer. Akad. Wiss., Suppl.-Bd. 
I, 1911, p. 31, ΤΙ. I, figs. 1-3, Pl. VII, figs. 1-2c. 

Gorgonocephalus segeminus : DoFLEIN, Ostasienfahrt, 1906, p. 204, fig. 
(Non DópEnLENN, 1902.) 


Four specimens; off Misaki, Sagami Sea. 

Sagami Sea; 150-800 m. (DópEnLEN). Off Osé Zaki, Suruga 
Gulf; 63-75 fathoms (Crank) Eastern Sea; 181-391 fathoms 
(Crark). Korea Strait; 66 fathoms (Crank). Korca (DÖDERLEIN). 
Sea of Japan; 59-428 fathoms (Crank). Saghalin; 40-43 fathoms 
(Crarx). Saghalin (ῬΟΡΕΤΙΕΙΝ). Ochotsk Soa; Τὸ fathoms (CLARK). 
Oehotsk Sea (VERRILL). 

Arctic Sea. Bering Sea. Alaska to California. 

One of my specimens is evidently the japonicus type, the 
surfaces just inside the interbraclial ventral surfaces, as well as 
the ventral side of the arms being entirely free of granules. The 
lower margins of both sides of the arms are covered with 
irregularly polyonal plates, without granules, as shown in Dópzrn- 
LEIN'S fig. 2a, Pl. VII. DÖDERLEIN has not found the caryi type 
in Japanese waters. But my two speeimens agree well with 
Lvwaw's description, the granulations of the interbraehial ventral 
surfaees distinetly extending as far as the base of the oral angles 
and the outer end of the oral slits. The ventral side of the arms 
is rather sparsely granulated, the granules being however finer 





1) This paper was not seen by me, 
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than those of the outer parts. The lateral sides of the arms are 
entirely covered with fine granules, as shown in DépERLEIN’s fig. 
la, Pl. VII. In the arm coverings, these two specimens are 
therefore quite similar to DépERLEIN’s “japonicus var." The disk 
is rather sparsely and uniformly granulated. The internal structure 
is of the second type in all the four specimens. 
Gorgonocephalus dolichodactylus D6ODERLEIN. 

Gorgonocephalus dolichodactylus: DöpERtEIN, Abh. Math.-Phys. Kl. K. 
Bayer. Akad. Wiss., Suppl.-Bd. I, 1911, p. 34, Pl. I, fgs. 4 & 5, PI. VII, 
figs. 3-40. 

Two specimens ; 
off Misaki, Sagami 
Sea. 

Sagami Sea ; 150— 
200 m. (DÖDERLEIN). 

One of these 
specimens is very ab- 
normal, all the pairs 
of the radial shields 
bemg fused into one 
almost along the entire 
adradial border, though 
remaining separate to- 


wards the centre, so 





that there is here a 
: p Fig. 20. Gorgonocephalus dolichodactylus. x14. a. From 
bifurcation. above. b. From below. 


Astrodendrum sagaminum (DÖDERLEIN). 


Gorgonocephalus sagaminus: DÖDERLEIN, Zool Anz, XXV, 1902, p. 
321; Crark, Bull. U. S. Nat. Mus, ΓΧΧΥ, 1911, p. 292. 
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Astrodendrum sagaminum: ὈΟΡΕΠΙΕΙΝ, Abh. Math.-Phys. Kl. K. Bayer. 


Akad. Wiss, Suppl.-Bd., I, 1911, p. 38, Pl. II, figs. 3-5, Pl. ὙΠ, fig. 8; 
Bowronp, Rec. Ind. Mus., IX, Pt. 4, 1913, p. 220. 


Misaki, Sagami Sea; 100-200 


fathoms. 


75 fathoms (CrAnk). Eastern Sea ; 
95 fathoms (Crark). Sea of 
Japan; 59-172 fathoms (CLARK). 
Sagami Sea (DÖDERLEIN). 


Key to Japanese species and 


Numerous specimens; ο 


Ôse Zaki, Suruga Gulf; 63- 


Indian Ocean (Bourorp). 





varieties of Astrocladus. 


Fig. 21. Astrodendrum sagaminum. x3. 
a. From above. b. From below. 


-4— Disk covered by an apparently 
smooth skin, in which how- 
ever very fine, insignificant, close-set granules axe contained ; internal 
structure as in the second type of Gorgonocephalus ...... annulatus. 

AA—Dish covered by a pavement of granules, which have acute, spiny 
tips; internal structure as in the third type of Gorgonocephalus.... 
ΠΙΣΤΗ ...-.......:---οοζετν. ΝΗ . coniferus. 

a—Disk and arms free of tubercles, or a conical, blunt tubercle may 
occur on each radial rib near the onter end. 
b—Colour variegated, with whitish ground colour and purplish brown 
patches of various shape and size .................. var. pardalis. 
bb—Colour simple, deep purplish brown or purplish black............ 
eo TT BPE aoa ay D S ο fore eer mY) DICH URCO UTERUS 
aa—Disk and arms beset with numerous hemispherical, or more or less 
conical, tubercles; colour variegated, or simply deep purplish brown 
or purplish black.......... honc PI ud E var. dofleini. 
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Astrocladus annulatus MATSUMOTO. 
Astrocladus annulatus: MATSUMOTO, Proc. Acad. Nat. Sci, 1915, p. 56. 


One specimen ; off Misaki, Sagami Sea. 


Diameter of disk .. αρ T ο 22 mm. 
Distanee from the centre of the disk to the 

interbraehial margin .. . 8.5 mm. 
From the outer end of the oral Jit to tho 

1* bifurcation Pea 11 mm 
From the disk margin to the 1 bifurca- 

tion .. Ps Ls ww 1.5 mm. 
From the 1 bifurcation to the 2?" .. 7 mm. 
From the 2"* to the 3™ 8.5 mm.-6.5 mm. 
From the 3™ to the 43" Don siint mm. 
From the 4 to the 5™ ) mm.-4 mm. 
From the 5" to the 6" 4 eni mm. 
From the 6 to the 7™ 10 mm,—4 mm. 
From the 7“ to the 8" 4 mm.-7.5 mm. 
From the 8" to the 9™ 7 mm.-3.5 mm. 
From the 9 to the 10™ TOD aan mm. 
From the 10™ to the 11" .. 8 mm.-3.5 mm. 
From the 11" to the 12” .. 3 mm.-7 mm. 
From the 19 to the 13™ ao 9 mm. —9 mm. 
From the 183" to the 14: .. .. 2.5 mm.- -5 mm. 
From the 14™ to the 15'* .. 5 mm.-2.5 mm. 
From the 15™ to the 16" ., 2 mm.-3.5 mm. 
From tho 10" to the 17^ . 3.5 mm.-2 mm. 
From the 17" to the 18™ , ee dius A mm. 
From the 18" to the 19” ,, 3 mm.-1.5 mm. 
From the 19" to the end . 1 mm.-2 mm. 
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Total length of the arm TERTE : 196 min. 
Width of the ventral side of the arm mite, 
onn the disk s πα ss ss a: 4.5 mm. 


Disk five-lobed, with concave interbrachial borders, covered 
by a thick skin, which is apparently smooth, but contains very 
fine and close-set granules of mieroscopie size. On the radial ribs, 
these granules are very flattened and smooth, and coarser, being 
visible even to the naked eye. Several smooth, hemispherical 
tubercles are seat- 
tered on the disk. 
Radial ribs gently 
raised and forming 
rounded ridges, 
with rather  in- 
distinct outlines, 
not quite reaching 
the centre; their 
back is marked 





with concentrically 


Fig. 22. Astrocladus animdutus. x14. a. From above. ς 
b. From below. arranged swellings, 


corresponding to 
the imbricating, soldered plates, of whieh the radial shields are 
composed. The ventral surface of the disk appears very smooth 
to the naked eye. Genital slits not very large. Madreporic shield 
single, at the inner corner of one of the interbrachial ventral sur- 
faces, small, transversely oval. The teeth and dental papille are 
conical and rather stout. The oral papillae and lower dental 
papille are smaller and very short; their number for each oral 
angle is not very great. 


Arms slender and branched, with distinction of trunk and 
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lateral branch even at the basal region, covered on the upper side 
by a finely and closely granulated skin, with several scattered, 
smooth, hemispherical tubereles on the more proximal shafts, dis- 
tinctly annulated with hook-bearing segments throughout. Ventral 
surface of the arm entirely smooth to the naked eye. The arm 
spines which are present beyond the first bifureation, are very 
fine, and three or four in number for each tentacle pore. 

Colour in alcohol: disk mottled, arms annulated with yellow- 
ish and grayish brown. 

This species can be easily distinguished from the other 
species of Astrocladus by the entirely smooth disk covering and 
by the arms being distinctly annulated with hook-bearing segments 


even at the very basal region. 


Astrocladus coniferus (ῬΟΡΕΠΓΕΙΝ). 


«lstrocladus coniferus var, pardalis (DÖDERLEIN). 
Astrocladus coniferus var. dofleini (DÖDERLEIN). 
Astrophyton pardalis: DÖDERLEIN, Zool Anz, XXV, 1909, p. 323; 
CraARE, Bull. Ὁ. S. Nat. Mus, LXXY, 1911, p. 298. 
Astrophyton coniferum : DÖDERLEIN, loc. cit., p. 325. 
Astrocladus dofleini: DÖDERLEIN, ScHULTZE—ZO00l. Ergebn, IV, 1910, 
p. 256%; DÖDERLEIN, Abh. Math.-Phys. Kl. K. Bayer. Akad. Wiss, Suppl.- 
Dd. I, 1911, p. 41, fig. 9, Pl. II, fig. 6, Pl. ΤΠ, figs. 1-4, Pl. IV, figs. 15- 
15b; Bomrorp, Rec. Ind. Mus, IX, Pt. 4, 1918, p. 200, Pl. XIII, fig. 1. 
Astrophyton cornutum: Ολες, Bull. U. S. Nat. Mus, LXXV, 1911, 
p. 292. (Non Kenter, 1909.) 
Astrocladus coniferus: ^ DODERLEI, loc. cit, 1911, p. 46 & 76, Pl. II, 
figs. 7 ἃ Ta, Pl. IV, figs. 1-9«, Pl. VI, figs. ὅ-θα & 10. 
Numerous specimens; Misaki. Several specimens ; off Moroiso, 
Misaki; 10 fathoms. 


1) This paper was not seen by me. 
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Sagami Sea. Suruga Gulf; 108 fathoms (Crank) Off Omai 
Zaki, Yenshü Sea, 34-36 fathoms (CLarx). Kagoshima (D6DERLEIN). 
Colnett Strait; 83-84 fathoms (Crank). Eastern Sea; 103-159 
fathoms (Crarx). Fusan, Korea (Crank). 

Wladiwostok (DéprriEm). ? Off Agattu Is.; 482 fathoms 
(Cuark). Indian Ocean. 

I fail to find any marked distinction between the coniferus 
and the dofleini type. There aro many specimens which must be 
referred to the coniferus type 
in most eharaeters, but are 
beset with a few or many 
large hemispherical tubereles 
on the dorsal side of the arms, 
as observed by DÖDERLEIN 
himself, but there are others 
which gradually pass over into 
the dofleini type. The large 
tubercle on the back of each 
radial shield near its outer 
end, present in most speci- 
mens of the coniferus and in 
some of the pardalis type, is 
also often present in smaller 
and moderately large speci- 
mens of the dofleini type. 
Such a tubercle is indicated 





on some of the radial shields 
Fig. 58. Astrocladus coniferus. «a. From above. 


. n , 
a. Y ; (Ge, . . 
κά, ὦ. From below. x$. ο. From below. x2. in DóprRLEIN'S fig 5, PL IV 


This tubercle later becomes 
QU! ^6 indistinguishable, owing to the increase in number of similar 
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tubercles on the entire dorsal surface of the disk. Τη distinguish- 
ing A. dofleini from the coniferus and pardalis type, DÖDERLEIN 
seems to lay weight upon the fact that, the granules of the 
arm bases of the former have no acute tips, but are smooth. 
But, one of my specimens, measuring 55 mm. across the disk, 
has very abundant hemispherical tubercles on the arms and 
easily recognizable acute granules on the arm bases, the latter 
being distributed as far out as the fifth bifurcation. The colour 
of the same specimen is simply deep purplish black, and the disk 
coverings are almost similar to those of the coniferus type, though 
the conical tubercles on the radial ribs near the outer ends are 
not present. 


Key to Japanese species of Astroboa. 


A—Madvreporic shield lying at the inner angle of the interbrachial 
ventral surfaco. 
a—Annulations of double rows of hook-bearing granules distinct even 
in the stout proximal parts of arms; colour purplish black ..migra. 
«c&—Amnnulations of double rows of hook-bearing granules absent in the 
stout proximal parts of arms; colour dark grayish brown. ..arctos. 
AA—Madreporic shield lying on the hard part just inside the inter- 
brachial ventral surface, being almost free from the latter; colour 


light pinkish brown ............. ον νο σος ας globifera. 


Astroboa nigra DÖDERLEIN. 


Astrophyton clavatum : PFEFFER, Mitteil. Naturh. Mus. Hamburg, XIL, 
1596, p. 48.? (Non Lyman.) 

Astroboa nigra: DÖDERLEIN, Abh. Math.-Phys. KI. K. Bayer. Akad. 
Wiss., Suppl.-Bd. I, 1911, p. 83, PI. IX, figs. 9 & 9a. 





1) This paper was not scen by me. 
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Hirado Strait; 72 m. (DÖDERLEIN). 


Zanzibar (DÖDERLEIN). 


Astroboa arctos MATSUMOTO. 
Astroboa arctos: MATSUMOTO, Proc. Acad. Nat. Sci, 1915, p. 57. 
Two specimens; off Moroiso, Misaki; 5-10 fathoms. Four 
specimens ; off Misaki. 


ED TEU LOTITO MOLT E a feds ο ο LLL ο. ο A 65 mm, 


Distance from the centre of the disk to the interbrachial margin. .. 25mm. 


From the outer end of the oral slit to the 1% bifureation ........ 32 mm. 
nonn til lU inienn Whey Pas poe sgn aeo cepa dscaoacccc 10 mm. 
From the disk margin to the 234 bifurcation ............---...0. 4 mm. 
Piom πο GH we) ο SEU 4. OSG, sone oan raras 14 mm.-18 mm. 
irom thers νο the dim 18 mm.-8 mm...11 Anes mm. 

From the 4™ to the 5™ .... 10 E WIN eer οσο, 16 mm.-11 mm. 
πο πο ο tem the 0...) 17 mm.—-9 mm...10 30/519 mm. 

rom the 6% to the τος... 9 1G IUE ec Ee tp 14 mm.-11 mm. 
ο he) Πο πο ο. -----, 15 mm.-8 mm...9 mm.-17 mm. 

From the 8"- to the 99 .... 8 TET μα A AE 14 mm.-11 mm. 
Ποπ πο νο 10..." 10 mm.-8 mm...8 PUE mm. 

From the 10" to the 11"-,.. 8 ας nite er A ..13 mm.-8 min. 
πη πο ΠΟ ιο ta ..... 15 mm.-6 mm... OUT mm. 

From the 19'- to the 13" .. 6 μισής ο ο E 11 mm.-7 mm. 
From the 185: to the 14*- .......... 15 mm.-6 mm.. en mm. 

From the 14 to the 15% .. 6 UE AVM νο... 10 mm.-5 mm. 
From the 15'- to the 16* -.......... 14 mm.-6 mm.. ο η mm. 

From the 165 to the 17™ .. ORE Wm. o. s serene eee ΠῚ mm.-5 min. 
ἱΠνοπ ney imo eo) υπο τον. oo wae 14 mm.—5 mm.. eames mm. 

From the 18™ to the 19" .. dise Ie er RE 14 mm.-5 mm. 


l 
Βου μα ο ο Ιω Μου ΟΡΟΙ 16 mm.—d mm.. .6 mm.-10 mm. 
| \ 
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From the 20" to the 915"... 5mm.-I19 mm. .............. 9 mm.—4 mm. 
From the 21** to the 22 ......... a mm.-5 mm.. . 4 mm.- 9 mm. 
From the 22"* to the 23" ,, oe Tn. eM Seer e DONE mm. 
From the 23:4 to the 24 .......... pind mm. νυ. 
From the 945. to the 955. | 4 πο 10 Xn E ce E ον. mm. 
From the 25"- to the 26 .. ...... 1 mm.—4 mm.. . 3 mm.- 6 mm. 
From the 26"- to the 27 .. 4 PRSE ΤηηΙ;.............'.--.-.-- μη mm, 
Πο wis Σπ wo wae ROO ο τση. 3 mm. din eure. 
ds the 28" to the 29% .. 5 ην ον. Bo Uae. 2511-9 mm. 
From the 995. to the 30° ,,,....... UTE mm. ..2 ΜΉ us 
From the 30: to the 31% .. Um -8mun NAR ease ας mm. 
Erom wes ο Μπορ wba doe OM mm. ..2 mm.- 3 mm. 
From the 32"* to the 9514 (or 

toko gend) a eec Dime dom MS 2 mm.-1 m. 
Teona ue ο to whe BYE? aaa ouce ὅσα mm. : 
From the 34"- to the 35" ,. 4mm. 5 mm. 
From the 35™ to the 36" .......... ded mm. 
From the 36" to the 37 .. 2mm.— 3mm, 
From the 37": to the end .......... De -1 mm. 
Total length of the arm .......... 42] mmu re em 324 mm. 
Width of the ventral surface of the arm within the disk ........ 17 mm. 
Width of the shaft between the 15: and 954: bifurcations.......... 10 mm. 
Width of the main (adradial) shaft between the 954. and ἃ. bifur- 

ΙΕ ρα I Lm ο ETUR E ος ο οι 7 mm. 


Disk decagonal, with concave interbrachial and brachial borders, 
the former being longer and more concave than the latter; very 
convex, but with more or less depressed central region, covered by 
a thick skin, which is chagreened by the presence of very fine, 
close-set granules. The granules are smooth, not acute, irregular 
in size when viewed under the microscope, the coarser ones being 
more numerous on the radial ribs than in the intercostal spaces. 
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The radial ribs are bar-like, 
narrow, widest at the outer 
end, suddenly narrowed for 
a very short distance, then 
uniformly tapered inwards, 
nearly reaching to the een- 
tre.  Interbrachial ventral 
surfaces covered by a thick, 
apparently smooth skin, 
which contains very fine 
granules.: Adradial border 
of the genital slits closely 
spinulated. The madreporie 





shield, situated at the inner 
eae E uS E ΚΠ angle of the interbrachial 
ventral surface, is more or 

less semilunar, with a semicircular inner side and a distinctly 
notched outer side, the lateral angles being rounded. The spaces 
inside the interbraehial ventral surfaces are apparently smooth, but 
in reality closely covered with very fine granules of microscopic 
size, the granules being rather coarse and distinct at the oral 
angles. Teeth and papille very numerous. The oral and dental 
papille are rather small, spiniform, not very acute, while the teeth 
are much larger and longer than the papille, and are distinctly 
spatulate and flattencd at the tip, the upper teeth being larger 
and more pronouncedly spatulate than the lower. l ' 
The two main stems of each arm are not equally developed, 

but one is longer, stouter, and richer in bifurcations than the 
other, as shown in the preceding table of dimensions. Dorsal 


and lateral sides of arms covered by a thick skin, which is very 
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finely and closely granulated, the granules being very irregular in 
size and roughly distinguishable into two kinds. The finer granules 
are entirely covered over by the skin, and are flat and irregularly 
polygonal, forming together a sort of mosaic; while the coarser 
granules, which are coarser than any granules of the disk, are 
hemispherical and tubercle-like, and are uniformly scattered. Ventral 
surface of arms apparently smooth, but really ‘covered by a mosaic 
of flat and irregularly polygonal granules of microscopic size. The 
first pair of tentacle pores ‘are distinct and open in slight depres- 
sions. ‘The second are often visible. The following three or four 
pairs are entirely absent, those beyond being again distinct. The 
arm spines are entirely absent in the proximal joints, but are 
present from the fourth or fifth bifurcation outwards. They are 
exceedingly minute and granule-like, two to four of them occurring 
for each tentacle pore. The double rows of hook-bearing granules 
are present only in very fine twigs, the main stems within the 
fourteenth or fifteenth bifurcation being free of them. The shaft 
between the first and second bifurcations usually contains four 
arm joints. The outer shafts are composed of from six to eight, 
usually seven, joints. l r 

Colour in alcohol, as well as in a dry state; dark grayish 
brown above, and dark yellowish brown below. 

Of the five known species of Astroboa, A. clavata (Lyman) is 
distinguished from the others by the spiny granules of the disk 
and arms, and A. globifera (DópERLEIN) by the position of the 
madreporie shield. A. nuda (Lyman) and A. nigra DÖDERLEIN have 
distinct annulations of hook-bearing granules on the arms, while 
A. erne DÖDERLEIN has no such annulation on the greater proximal 
parts of the arms. "This species is therefore very near to the 
last named but differs from it in the less distinct and much finer 
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granules of the disk, and in the less number of arm joints con- 
tained in a shaft. In the last characters, A. arctos rather resem- 
bles A. nigra from Zanzibar and Hirado Strait, Japan. | 

This species is common in the shallow waters around Misaki, 


and occurs in the same localities with the foregoing species. 


Astroboa globifera (DopERLEIX). 


Astrophyton globiferum: DÖDERLEIN, Zool. Anz, XXV, 1902, p. 324. 

Astroboa globifera : DÖDERLEIN, Abh. Math.-Phys. Kl. K. Bayer. Akad. 
Wiss., Suppl-Bd. I, 1911, p. 51, Pl. II, figs. 8-9; Pl. VII, figs. 7 & Ta. 

One specimen ; off Kótsu-jima, Izu. 

Sagami Sea; 150-200 m. (DÖDERLEIN). 


Key to genera of Astrotomine. 


A—Tnterannuli of the arm covered with two rows of coarse granules ; 
arms simple. 
a—Disk more or less closely beset with thorny tubercles or spiny 
ο CAE προ. Astrothamnus. 
aa—Disk covered with rounded plates, which are surrounded by belts of 
granules. 
b—Disk plates irregular in size; two or three arm spines .......... 
MU UE eos nece eer CIENT πο Astrothrombus. 


bb—Disk plates regular in size; three to seven arm spines..4strothorax. | 

AA—Interaunuli of the arm covered with many rows of fine granules ; 
disk also eovered with fine granules. 

Q—ÉE gne) yc ce OUT AE os Astrotoma. 

cc—Arms divided a few times near the tip ................ Astroclon. 


Astrothamnus Marsumoro, 1915. 


Disk divided into ten radiating lobes by radial and interradial 


furrows, closely covered with coarse, thick granules, which are 
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more or less stumpy and usually have spiny tips. [Interradial 
ventral surfaces strongly coneave, each with two large, nearly 
parallel genital slits. A single madreporic shield is present at the 
inner border of an interbrachial ventral surface. Teeth and dental 
papille similar, spiniform, forming clusters at the apices of jaws. 
Oral papille absent, so that the sides of the oral slits are naked. 
Arms simple, covered by a pavement of granules, distinctly an- 
nulated by zones of densely set, minute, compound hooks, each of 
which consists of one main and several supplementary hooklets. 
Three to five arm spines, peg-like, usually with rough tips, serving 
as tentacle scales. 

This genus includes Astrotoma bellator K«anrgR, 1904, vecors 
Kener, 1904, and rigens Kanter, 1910, besides the genotype, 


Astrothamnus echinaceus. They may be distinguished as follows. 


Key to species of Astrothamnus. 


A—Brachial ventral surfaces smooth; spaces just inside the interbrachial 
ventral surfaces, as well as oral angles, beset with slender spines ; 
three arm spines. 

«&—Basal arm spines unusually long and stout, longer than the cor- 
responding arm joints μυ... rigens. 

aa—Basal arm spines not unusually long and stout, nearly as long as 
thercorrespanding arm joints .... 00 esset ER TR c vecors. 

LA—Brachial ventral surfaces, spaces just inside the interbrachial ventral 

surfaces, as well as oral angles, beset with coarse, stumpy granules. 


b—Three arm spines not very small, nearly as long as the correspond- 


"TE mete) a o a uc ο ο Tatas oe wes as echinaceus. 
bb—Five arm spines very small, hardly half as long as the correspond- 
(ay gn uncut. RU ,,.,.ν, TR bellator. 


The distribution of Astrothamnus is very interesting, for, as 
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shown in the foregoing key, there are two specific groups in this 
genus, each represented by a Malaysian species. The Arabian 
species, A. rigens, is nearly allied to the Malaysian A. vecors, and 
the Japanese type, A. echinaceus, to the Malaysian A. bellator. 


Astrothamnus echinaceus MATSUMOTO. 

Astrothamnus echinaceus: Matsumoto, Proc. Acad. Nat. Sei. Philadel- 
phia. 1915, p. 55. 

Diameter of disk 22 mm. Length of arms 140 mm. Width 
of arms at base 4 mm. 

Disk distinctly five-lobed, with five interradial furrows, ὅπ 
lobe being again divided into two- secondary lobes by the radial 
furrow. Radial ribs very prominent, large, occupying almost the 
whole dorsal surface of disk, leaving between them only ten narrow 
l furrows radiating from the 
centre; closely covered with 
rather large stumpy tubercles 
with thorny crowns, between 
which lie thick, irregularly 
polygonal plates. Inter- 
brachial ventral surfaces 
strongly concave, closely 
covered with stumpy tuber- 
cles terminating with one 
or a few thorny points. 
Genital slits rather large, 


more or less parallel. Mad- 





reporie shield distinct, small, 


‘Fig. 28. Astrothamnus echinaceus. x2% a. irregular in outline. The 
From above. b. From below. ο. Side view of 


diras arin Rit πεις disi .- area inside the interbrachial 
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ventral surfaces, as well as the brachial spaces, are also closely 
covered with tubercles similar in form to those of the interbrachial 
ventral surfaces. Oral angles covered with close-set, sharp, conical 
tubercles, which become, towards the mouth, somewhat indistin- 
guishable from the dental papillae. Dental papillze and teeth similar, 
conical and very acute. No oral papille. 

Arms rather slender, uniformly tapered, with alternating annuli 
of two forms, one with two rows of granules entirely covered 
over with very densely set minute hooks, the other with 
two irregular rows of smooth, naked granules. Ventro-laterally 
on either side of the arms, in line with the annuli formed by the 
smooth granules, there is a series of large, round, naked plates. 


In the arm bases, the hook-covered annuli are usually broken at: 


the dorsal median line by conical granules terminating with one 
or a few thorny points. Ventral surface of the arms with rather 
well spaced tubercles, which are conical or terminate with one or 
a few thorny points; these tubercles become rounded “ind smooth 
distally. The first and second tentacle pores without arm spines, 
the third with one or two spines, the fourth with two or three, 
and the rest with three. The arm spines of the basal pores are 
somewhat indistinguishable from the conical or thorned tubercles, 
but the rest are peg-like, nearly as long as the corresponding arm 
joints, and bear two or three denticles at the end. The oral 
tentacle pores and the first and second tentacle pores open by 
means of short tubes bearing a few spinules. 
Colour in alcohol dull grayish purple. 


Astrothorax misakiensis DÖDERLEIN. 


Astrothorax misakiensis: DÖDERLEIN, Abh. Math.-Phys. Kl. K. Bayer. 


Akad. Wiss., Suppl.-Bd. I, 1911, p. 24, Pl. VI, figs. 2-20, Pl. VII, figs. 12 & 145. 


/ 
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Sagami Sea (DÖDERLEIN). 


Astrotoma sobrina MATSUMOTO. 


Astrotoma murrayi: DÖDERLEIN (non Lymay, 1879), Abh. Math.-Phys. 
Kl K. Bayer. Akad. Wiss., Suppl.-Bd. I, 1911, p. 23, fig. 1, Pl. VI, figs. 
1 & la, Pl. VII, figs. 14-14b. 

Five specimens; off Misaki, Sagami Sea. 

Diameter of disk 34 mm. Length of arms 200 mm. Width 
of arms at base 7 mm. 

Disk five-lobed, flat, rather sunken towards the centre, covered 
with very fine, smooth, closely soldered granules and many small, 
oval plates, which are sunken below the level of the granules ; 
there are also on the disk numerous, large, smooth, spherical or 
slightly cylindrical tubercles with rounded ends. Radial ribs 
almost indistinguishable. Inter- 
brachial ventral surface covered 
by a thick, leather-like skin, 
which becomes granulated on 
drying. Genital slits rather large 
and divergent. The madreporic 
shield is small, but very distinct, 
more or less oval, vertical, lying 
at the inner corner of one of the 
interbrachial ventral surfaces. 
The area inside the ventral 
interbrachial surfaces, as well 
as the brachial spaces, are 





- covered with thick, irregular, 
Fig. 26. Astrotoma sobrina, a. From above. 
χα. 0b. From below. xij. ο. Side view pavement-like plates and smooth, 


of three arm joints near disk. x3. 


seattered tubercles, which are 
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smaller and more numerous than on the dorsal surface of the 
disk. Oral region surrounded by a circular groove, and distinctly 
set off from the outer parts. Oral angles strongly puffed down- 
wards, covered with close-set granules of various sizes. Teeth 
and dental papillae similar, spiniform, short and slender, acute, 
forming vertical clumps at the apices of the jaws. No oral 
papillee. h 

Arms rather stout, uniformly tapered towards the extremity, 
dorsally and laterally with raised and depressed annuli; on the 
raised annuli, the granules are coarser, rather distinct and well 
spaeed, arranged in four irregular rows, of which the middle two 
bear hooks, the series of hooked granules being interrupted by 
smooth ones; on the depressed annuli, the granules are very fine 
and form a smooth covering, with many small, oval plates, which 
are sunken below the plane of the granules. Ventral surface of 
the arms covered by the continuation of the ventral brachial 
space of the disk, with a pavement of irregular plates, which are 
so arranged as to bring about transverse wrinkles in the skin, 
and bear smooth, scattered tubercles, which distally become smaller 
and indistinguishable from the smooth granules. No arm spine 
to the first tentacle pore; one or two spines to the second; two 
or three spines to the third; and three or four spines to those 
beyond; but only two spines to each pore near the extremity of 
the arm. The arm spines are peg-like and flattened, and terminate 
with three or four thorny points; those situated adradially are 
somewhat longer than the abradial ones, and beyond the basal 
arm joints the most adradial spine becomes almost as long as the 
corresponding arm joint. 

Colour in alcohol reddish or yellowish brown. 


In -younger specimens, the disk tubercles are much less 
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numerous, aud the disk is less distinctly sot off from the arms. 
In larger specimens, the disk tubercles are more numerous and 
show a tendeney to arrange themselves, though very irregularly, 
in ten radiating rows, one on each radial rib. ; 

The present species is very near to A. murrayi ccs but 
differs from it in the much narrower brachial lobes of the disk; 
in the narrower interbrachial ventral surfaces, in the longer genital 
slits, in the fewer and larger tubercles in the spaces just inside 
the interbrachial ventral surfaces, in the much shorter arms and 


in the slightly fewer arm spines. ES 


Astroclon suensoni MORTENSEN. 
Astroclon suensoni; | MORmTENSEN, Vidensk. Medd. Naturhist. Foren. 
Kjobenhavn, LXIIL 1911, p. 209. 
Off Amakusa, Eastern Sea (MORTENSEN). 


Order ii. LÆMOPHIURIDA MATSUMOTO. 


Disk covered by a soft skin, or with fine scales or plates, 
very often beset with granules, spines or stumpy tubercles. Radial 
shields sometimes rudimentary. The radial shield and genital 
plate articulate with each other by means of a simple face or a 
transverse ridge on both the plates. Peristomial plates very large; 
usually entire. Oral frames without well developed lateral wings. 
Arms entirely covered by the three kinds of arm plates, of which 
the dorsal and ventral ones are usually very small, while the lateral 
ones are very well developed, very often approximating dorsally 
as well as ventrally. Vertebral articulation either zygospondyline 
or streptospondyline, n a 

This order is very near to the Phrynophiurida, especially the 
Ophiomyzide, but differs from them essentially in the entirely 
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protected dorsal side of the arms. Further, there are two types 
of primitive ophiurans differing in the embryonal condition of the 
vertebrae, one being the Phrynophiuridan type and the other the 
Lemophiuridan. In the Phrynophiuridan type, the distal vertebre 
are divided into halves by a single fusiform pore, the middle 
parts of the halves being widely separated from each other. 
These vertebre are proved to be present in Ophiohelus, Ophiogeron, 
Astrogeron, Ophiosciasma, Ophiohyalus, Ophiomyxa, Ophiostiba, «ο. 
In the Lemophiuridan type. the distal vertebre are divided into 
halves by a series of small pores, the halves being connected with 
each other by a series of bridges between every two pores. 
These vertebra are present iu Microphiura, Ophiothamnus, Ophio- 
logimus, Amphiactis, Ke. In Astrophiura, the vertebree of the free 
arm joints are divided into halves by a inoniliform pore, the 
halves being closely set against each other, so that the condition, 
though rather near to the L:emophiuridan type, is intermediate 
between the two types. 


Key to the families of Leemophiurida. 


A—Disk and arms of slender build, the disk scales or plates, as well 
as arm plates, being not very stout; the genital plate and scale on 
either side of a radius artieulate with each other, instead of being 
soldered together; vertebra not very stout, often divided into 
[TIKES bes, ο ο ο cae CC ος ο Ophiacanthida. 

AA—Disk and arms of very heavy build, the disk and arm plates being 
very stout; the genital plate and seale on either side of a radius 
are firmly soldered together; vertebre very stout, always entire, 


though the ventral median groove is very prominent. . Hemieuryalide. 
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Family 1. Ophiacanthidæ (Perrier, 1891) mihi, 1915. 


Disk eovered by a soft skin or with fine scales, and usually 
beset with granules, spines or stumpy tubercles. The radial shield 
and genital plate articulate with each other by means of a trans- 
verse ridge or a simple face on both the plates. The genital plate 
and scale on either side of each radius articulate with each other, 
and are not soldered together. Peristomial plates entire, or rarely 
triple, very large. Oral frames entire, without well developed 
lateral wings. Teeth and oral papille always present, spiniform 
as a rule. Dental papillae rarely present, similar to the oral 
papilla. Arms usually knotted, ihe spine ridges of the lateral 
arm plates being very prominent; inserted very often laterally, 
but sometimes ventrally, to the disk. Dorsal and ventral arm 
plates very small, while the lateral arm plates are very well 
developed, covering most parts of the arms. Numerous arm spines, 
variable in number in successive arm joints, long, flagellate, 
often hyaline and serrate. Vertebree slender, often incompletely 
divided into halves by a series of pores. Vertebral articulation 
zygospondyline or streptospondyline. Upper and lower muscular 
fosse equally large. 

This family ineludes thirty-three genera, which may be 
artificially grouped as follows: 

A. Tentacle pores very. large and open. 

I. Disk extraordinarily bulged up, covered by a naked 
skin or with fine scales; radial shields absent. 
Ophiotholia Lyman, 1880. 
Ophiomyces Lyman, 1869. 
II. Disk not very high, covered by a naked skin or mere- 


ly with fine scales ; radial shields small or rudimentary. 
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Ophiocimbium Lyman, 1880. 
Ophiologimus Crank, 1911. 
Amphipsila VERRILL, 1899. 
Ophiophrura Crarx, 1911. 
Ophiotoma Lyman, 1883. ; 
Ophioblenna LüTkEN, 1859. 

HII. Disk beset with granules or spines; radial shields small 

or rudimentary. i 
Ophiopora VERRILL, 1899.” 
Ophiotrema Kamrgn, 1907.” 
Ophiambiz Lyman, 1880.” 
Ophiomedea Kauter, 1906, 
Ophiopristis VERRILL, 1899. 
Ophioprium Crank, 1915. 
B. Tentacle pores small and inconspicuous. 
IV. Radial shields small, short. 


Microphiura MORTENSEN, 1010. 
Ophiolimna VERRILL, 1899. 
Ophiomitrella VERRILL, 1899. 
Ophiophthalmus, nov. 
Ophientrema VERRILL, 1899. 
Ophioscalus VERRILL, 1899. 
Ophiocopa Lyman, 1893. 
Ophiochondrella VERRILL, 1899. 
Ophiosemnotes, nov. 

1) These genera have been stated by Crank, 1915, to be congeneric with Ophiotoma, notwith- 
standing that they differ from it in the covering of the disk. It is of course true that these threo 
genera resemble one another in the large tentacle pores. But this character is also common to 
ill the genera belonging to the group A. So that I am obliged to disagree with him. 


2) This genus is very doubtful in position. I provisionally refer it here, merely because 
the tentacle pores and scales remind us of those of Ophiophrura and Ophiotrema. 
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V. Radial shields long, narrow, bar-like. 
Ophiacantha Mürixx & TmoscugL, 1842. 
Oph£alecea VERRILL, 1899. 
Ophiacanthella VERRILL, 1899. 
Ophiolebes Lyman, 1878. 

VI. Radial shields large, long, wide. 

Ophiothamnus Lyman, 1869 (= Ophioleda Kanter, 
1906). 

Ophiurothamnus, nov. 

Ophiomytis Kxxungn, 1904. 

Ophioplinthaca Vernier, 1390) 

Ophiomitra Lyman, 1869. 

Ophiocamax Lxwaw, 1878. 

As the present family includes both those forms with only 
horizontally flexible arms and those with more or less coiled arms, 
two types of internal structures are also distinguishable roughly. 
The first type, found in those forms with only horizontally flexible 
arms, is characterised by the very thin, delicate, sometimes divided 
peristomial plates, the slender oral plates and frames, the very 
slender vertebra, the very thin wings of the basal vertebrae, the 
more or less divided distal vertebrae and the zy gospondyline vertebral 
articulation. The second type, found in those with more or less 
coiled arms, is characterised by the very thick, always entire 
peristomial plates, the more or less stout oral plates and frames, 
the more or less short, stout, always entire vertebræ, the more or 
less thick wings of the basal vertebree and the usually strepto- 
spondyline vertebral articulation. The internal structures of 
Ophiothamnus venustus Marsumoto is almost perfectly similar to 
those of O. vicarius Lyman. The peristomial plates are very large, 


thin and triple, the two paired secondary plates forming an out- 
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wardly open angle, which is occupied by the unpaired median 
one. The oral plates and frames are short and slender. ‘lhe 
genital plates are long, more or less club-shaped, lying closely 
parallel in pairs, just above the arm base. The genital scales 
are absent. The genital burse ate very rudimentary, being 
represented merely by the creases between the interbrachial 
ventral surfaces and the arm bases. The generative glands are 
enclosed in a membranous sac, the wall of which contains fine, 
thin, transparent scales, when viewed under the microscope, just 
as is stated by Morrensen to be the case in Ophiopus arcticus. 
The vertebrae are very slender, and those of the distal arm joints 
are imperfectly divided into halves by a series of pores, just as 
in Microphiura according to MomrENsEN. The last named genus 
is stated to lack the genital plates and scales and to have entire 
or divided peristomial plates, besides an additional plate, which is 
perforated by a pore just between the peristomial plates and the 
oral shield. I imagine that, the perforated plate just referred to 
may correspond to the unpaired secondary plate of the peristomial 
system, because I know that in certain genera the unpaired 
secondary plate has a half pore on its outer border. In Ophiolinma 
antarctica (ΡΥ͂ΜΑΝ) and O. papillata (Cranx), the peristomial plates 
are large, wide, short, thin, imperfectly divided, with soldered 
halves, the oral plates and frames are short and slender, and the 
genital plates and scales and genital burse are normal In 
Ophiologimus hexactis Cuarx, the internal structures are essentially 
similar to those of Ophiolimna, which has also imperfectly 
divided peristomial plates. The radial ‘shields though ‘externally 
invisible, are present and short and rounded. Also in this species 
I was able to prove that the distal vertebra are imperfectly 
divided: by a series of pores. According to Lymax, Ophiomyces 
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frutectosus Lyman has ‘no peristomial plates, but the oral plates 
and frames are of an elegant shape and curiously twisted ; the 
genital plates are thin, wide, long, and curved over the dorsal side 
of the arm base; no genital scales; the basal vertebra, have 
large and thin wings without marginal grooves, and the vertebral 
artieulation is very peculiar with a large articular umbo and no 
articular peg. 

Certain species of Ophiacantha appear to stand at the very 
base of the second type, which is found in those forms with the 
arms more or less capable of coiling vertically. In Ophiacantha 
bidentata (LrxNÉ), the peristomial plates are very large, simple, 
rather thick, the oral plates and frames are more or less stout, 
the vertebre are comparatively stout, and the vertebral articulation 
is perfectly streptospondyline, the articular peg being absent. On 
the contrary, Ophiacantha cuspidata Lyman is stated by the author 
to have the zygospondyline vertebral articulation, with a well 
formed articular peg. In Ophiolebes tuberosa Marsumoro, the peri- 
stomial plates are very large, wide, thick, firmly fixed to the oral 
frames, which are also very stout, and bear each two small 
supplementary plates on the outer border. The vertebre are short 
and stout, with decidedly thick wings. The vertebral articulation 
is of course streptospondyline. The genital plates and scales are 
peculiarly undulated. The radial shields are narrow and bar-like. 
The internal structures of Ophiosemnotes edidisca (Cuark) much 
resemble those of the preceding, save that the radial shields are 
wide, rounded and joined in pairs in internal view. According to 
Lyman, Ophiocamax hystrix Lyman has very stout oral plates and 
frames, to which the peristomial plates are perfectly soldered, very 
stout and short vertebre with very thick wings and a perfectly 
streptospondyline vertebral articulation. The vertebre of Ophio- 
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chondrella squamosa (Liman) are quite like those of Ophiolebes. 
Taking all the characters into consideration, Ophiolebes, Ophiosemnotes, 
Ophiochondrella, Ophiocamax, Χο. appear to me to represent onc 
of the two types of the Ophiacanthida. 


Key to Japanese genera of Ophiacanthide. 


A—Tentacle pores very large and open; oral shields entirely separated 
from the first lateral arm plates by the adoral shields. 
a—Disk extraordinarily bulged up, covered with fine scales; radial 
shields absent; numerous large, flat, spatulate oral papille ; numerous 
flattened arm spines; tentacle scales spatulate ........ Ophiomyces. 
aa—Disk not very high. 
b—Disk finely imbricated, entirely free of granules or spines; tentacle 
scales present. 
e—Onter oral papille not especially long; ventral arm plates longer 
than wide; three arm spines; two very small, leaf-like tentacle 
scalcc E το ο ο ο ο Ophiologimus. 
cec—Outermost three oral papille very long, slender, spiniform, arising 
from the adoral shields; ventral arm plates wider than long; four 
arm spines; three or four spiniform tentacle scales.... Ophiophrura. 
tb—Disk closely beset with granules or spines. 
d—Dorsal arm plates entire; no tentacle scales..... Saeed tec Ophiopora. 
dd—Dorsal arm plates absent, dorsal side of arms, as well as disk, being 
closely beset with spines; three or four spiniform tentacle scales. . 
git ODER TOMADOS ERES σος ο o OMM. He Ophiambiüc 
AA—Tentacle pores small and inconspicuous. 
e—Arm plates and arm spines not covered over by a cereous skin. 
/—Hadial shields small or moderate. 
g—Radial shields short, rounded or triangular. 
h--Disk closely covered with granules; oral shields separated from the 
first lateral arm plates by the adoral shields; oral angles beset with 


granules ; outermost oral papilla large and operculiform. . Ophiolimna. 
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Ah—Disk scales visible, sparsely beset with granules, spines or stumpy 
tubercles; oral shields usually joined with the first lateral arm 
plates; oral angles free of granules. 

i—Arms strongly knotted, with very prominent spine ridges; arm 
spines of both sides of free basal joints approximating dorsally ; 
dorsal arm plates very small, widely separated from each other by 
themlateral@arms plates 22.0... 0 EE oe ee eae DL Ophiomitrella. 
i—Arms not very knotted; arm spines of both sides not approximating 
dorsally; dorsal arm plates not very small, in contact with each 


other at least in proximal arm joints. 


j—Basal tentacle pores not especially large; single flat tentacle scale 


to each pore; radial shields oval ................ Ophiophthalmus. 





jj—Several first tentacle pores especially large, while the outer ones are 
very small; no true tentacle scales, which are represented by a 
number of lowest arm spines much smaller than the upper ones... 
ΡΝ one ELT EE ος ο LE C Ophientrema. 

gg--Radial shields long, narrow, bar-like. 

k—Radial shields separated from each other; disk, as well as radial 


shields, more or less closely covered with granules, spines or stumpy 


tubercles eee dede Ee ο ο TU ERN TELE Ophiacantha. 
kk—-Hhadial shields perfectly joined in pairs, naked; disk sparsely beset 
with spines or granules, the disk scales being quite distinct...... 
Pee) πο πα ο. 0 70 700 oie etter DOO o dde ` Ophiacanthella. 


O—Radial shields large, long and wide; disk scales quite distinct. 
—Oral papill arranged in a regular series. . 

m—Outermost oral papille large and operculiform; arms strongly 
knotted, with very prominent spine ridges; arm spines of both sides 
of free basal joints approximating dorsally ; dorsal arm plates very 
small, widely separated from each other by the lateral arm plates. 

n—Disk distinctly five-lobed ; radial shields divergent, those of a pair 
slightly in contact in the outer parts; oral shields small, separated 
from the first lateral arm plates by the adoral shields; interbrachial 


ventral surfaces covered with numerous fine scales; genital bursa 
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rudimentary, being represented merely by the creases betwesn the 
interbrachial ventral surfaces and arm bases.......... Ophiothamnus. 
nn—Disk not distinctly five-lobed ; radial shields joined in pairs nearly 
along the entire length ; oral shields large, joined with the first lateral 
arm plates; each interbrachial ventral surface covered chiefly with two or 
three very large scales ; genital burs well developed. . Ophiurothamnus. 
mm—Onutermost oral papilla not especially large; arms not very knotted; 
arm spines of both sides never approximating dorsally; dorsal arm 
plates rather large, in contact with each other at least in proximal 
arm joints; disk distinctly five-lobed; special marginal disk scales 
Bell clascioipedl... ος ce 64 HORDEO Oplaoplinthaca . 
l—Numerous oral papille not in a single series, but clustered along 
the sides and at the top of each jaw, or at least on both sides of 
the outer end of each oral slit. 

o-—Disk distinctly five-lobed; special marginal disk scales well 
developed ; radial shields separated from each other; single tentacle 
Reals To Engh WORD, oo aan cr eM ee eee Ophiomitra. 
oo—Disk not distinctly five-lobed ; special marginal disk scales absent; 
radial shields joined in pairs along the entire length; usually three 
tentacle scales forming a tube for the ventrally turned up 
tentacc qp MM CEU οι. E ee aA SI EIN re Ophiocamax. 

ce—Arm plates and arm spines covered over by a cereous skin. 
p—Radial shields long, narrow, bar-like .................. Ophiolebes. 


pp—Radial shields short, rounded or triangular.......... Ophiosemnotes. 


Ophiomyces spathifer Lxxax. 
Ophiomyces spathifer : Lyman, Bull. Mus. Comp. Zool, VI, Pt. 2, 1879, 
p. 47, Pl. XIV; figs. 386-388 ; Lyman, Rep. Challenger, V, p. 240, PI. XIX, 
fies. 10-12. 
Yenshü Sea; 565 fathoms (Lymay). 


Ophiologimes hexactis CLARK 


Ophiologimus hexactis: CrAnk, Bull. U. S. Nat. Mus, LXXV, 1911, p. 
252, fig. 128. 
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One specimen ; Mera-out-Oisegaké, Sagami Sea; 350 fathoms. 
One speeimen ; off Oshima ; 90-100 fathoms. 

Off Suno Saki, Sagami Sea; 83-158 fathoms (Crank). 

Though the radial shields are externally invisible, they have 
been proved to be present by dissection, and are very small, short, 
bar-like, widely separated from eael other. My specimens also 
invariably show an indication of schizogony, for they are six- 


armed, three arms being distinetly smaller than the other three. 


Ophiophrura liodisca (CLARK). 
Ophiophrura liodisca : Crank, Bull. U. S. Nat. Mus, LXXV, 1911, p, 


249, fig. 121. 
Off Omai Saki, Yenshü Sea; 475-505 fathoms (Crank). 


Ophiopora megatrema (CLARK). 


Ophiacantha megatrema: CriarK, Bull. U. S. Nat. Mus., LXXV, 1911 
p. 237, fig. 113. 

Off eastern Japan; 587—943 fathoms (Cranx). 

As stated by Kanner, Ophiopora and Ophiotrema are closely 
related to each other. All the members of these genera, i.e. 
Ophiopora bartletti (Lymax, 1883), O. paucispina (LÙTKEN & 
ΜΟΠΤΕΝΘΕΝ, 1899), the present species and  Ophiotrema alberti 
Kener, 1894, have visible disk scales, large adoral shields, which 
separate the oral shields from the first lateral arm plates, narrow 
oral angles, gaping oral slits, very large tentacle pores and distally 
notched ventral arm plates. I look upon the present species to 
be an Ophiopora standing next to Ophiotrema, because the distal 
oral papille are differentiated in size from the inner ones, quite 
like those of Ophiotrema, while -the total absenee of tentaele scales 


is a character of Ophiopora. 
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Ophiambix aculeatus LYMAN. 


Ophiambix aculeatus: LYMAN, Anniv. Mem. Boston Soc. Nat. ilist., 
1880, p. 11, Pl. II, figs. 29-31; Lxwaw, Rep. Challenger, V, 1882, p. 235, 
Pl XXVII, figs. 10-12; Crank, Bull. U. S. Nat. Mus, LXXV, 1911, p. 
114. 

Colnett Strait; 1,008 fathoms (Crank). 

Near Fiji 16. 1,850 fathoms (Lrwax). 


Ophiolimna Vrnnmr, 1899, emend. 


Disk covered with fine granules, the radial shields being 
usually concealed. Oral shields large, wide, separated from the 
first lateral arm plates by the adoral shields. Oral angles more 
or less granulated. Four to six oral papilla, of which the outer- 
most one is very large and opereuliform. Arms slender, horizon- 
tally flexible. Ventral arm plates wider than long, not in contact 
with each other. Four to seven arm spines, long, glassy. Single 
large, leaf-like tentacle scale to each pore. 

This genus includes Ophiacantha bairdi LxwAN, 1889 (referred 
to Ophiolimna by VERRILL, 1899), Ophioconis antarctica LYMAN, 
1879, Ophiacantha perfida Kæmer, 1904, Ophiolimna operculaia 
Ka@uter, 1907, Ophioconis diastata Crank, 1911, O papillata CLARKS, 
1911 and Ophiacantha lambda Crank, 1911. 

Ophiocheta(?) miata Lyman, 1878 (referred to Ophiolimna by 
VERRILL, 1899) and Ophiolimna littoralis Karen, 1912, are in my 
opinion not genuine Ophiolimna, being different from it in the 
more numerous oral papillie, of which the outermost one is small 
and stretches inwards above the next papilla; in the well developed 
ventral arm plates, which are fully in contact with each other ; 
and in the presence of two tentacle scales, of which the abradial 
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one overlaps the base of the lowest arm spine. (See under 


Ophiodermatide.) 


Key to Japanese species of Op/iolimna, 


A—Radial shields entirely covered over. 
a—Disk granules very fine; four to five arm spines rather blunt, some- 
what longer than the corresponding arm joint ............ diastata. 
aa—Disk granules coarse, mingled with some scattered spines; seven 
acute arm spines, longer ones about thrice as long as the corres- 
pondine Arm Joni e οσο ο ος οσο PM bairdi. 
AA—Radial shields partially naked; disk granules coarse and elongated ; 
five acute arm spines, of which the uppermost is the longest and 


about thrice as long as the corresponding arm joint........ lambda. 


Ophiolimna diastata (CLARK). 


Ophioconis diastata : Crang, Bull. U. S. Nat. Mus, LXXV, p. 27, fig. 3. 
Off Shio Misaki; 244-253 fathoms (CLARK). 


Ophiolimna bairdi (LYMAN). 

Opliacantha bairdi: Lyman, Bull. Mus. Comp. Zool, X, 1883, p. 256, 
Pl. V, figs. 70-72; LÜTKEN & MORTENSEN, Mem. Mus. Comp. Zool, XXII, 
1899, p. 177, Pl VIII, fies. 9-13; Crámx, Bull. Ὁ. 8. Nat. Mus, ΤΝΝΥ, 
η], τω. 518) 

Ophiolimna bairdi: VERRILL, Bull. Labor, Nat. Hist. State Univ. Iowa, 
V, No. 7, 1899, p. 46}; Verru, Transact. Connecticut Acad., X, 1899, p. 
345. 

Off Mikawa, Yenshü Sea; 943 fathoms (CLARE). 

Bering Sea. Alaska. Washington. Gulf of Panama. Caribbean 


Sea. Eastern Atlantic. 


1) This paper was not seen by me. 
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Ophiolimna lambda (CLARK). 
Ophiacantha lambda: Crang, Bull U. S. Nat. Mus, LXXV, 1911, p. 


231, fig. 108. 
Off Hiuga, southern Japan; 487 fathoms (Crank). 


Key to Japanese species of Ophiomitrella, 

A—Radial shields wider than long; four oral papille, of which the 
outermost one, arising from the first ventral arm plate, stretches 
above the next papilla; ventral arm plates not in contact with each 
other; seven or eight arm spines, of which the uppermost is the 
[με ΙΙ ροσορσσ ᾽ν, ΙΙ. ο ο stellifera. 

AA—Radial shields about as wide as long; six oral papille on either 
side; ventral arm plates slightly in contact with each other; nine 
or ten arm spines, of which the uppermost and lowest are the 


SHORES UME a ME TUNI et POTENT polyacantha. 


Ophiomitrella stellifera, sp. nov. 


Two specimens; off Inatori, Izu. One specimen; Locality 
unknown. 

Diameter of disk 4 mm. Length of arms 20 mm. Width 
of arms at base 0.8 mm. 

Disk almost circular but with a small indentation in each 
interbrachial border, flat, covered with coarse, stout, partly 
imbricated scales, which almost invariably bear each a large 
stumpy tubercle with a six-rayed stelliform crown. Radial shields 
very small, irregularly triangular, with much rounded inner 
angle, a little larger than the disk scales, wider than long, sepa- 
rated from each other. Interbrachial spaces below covered with a 
few coarse, irregular, imbricated scales, without any stumpy 


tubereles. Genital slits short. 
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Oral shields large 
and stout, pentagonal, 
with acute inner and 
lateral angles, rounded 
outer angles, concave 
outer lateral sides and 
curved outer side. Adoral 
shields large, long, stout, 
three-sided, with round- 
ed angles and nearly 
straight  adradial and 
convex abradial sides, 


meeting each other. 





Three oral papille on 
either side; ihe outer- 


Bos mosb one is very large, 
\ 
HE flattened and blunt; the 


rest are conical, some- 

Fig. 27. Ophiomitrella stellifera. x12. a. From πο what flattened, obtusely 
b. From below. c. Side view of two arm joints near disk. 

d. Side view of two disk tubercles. pointed. There is an ad- 

ditional pointed papilla, 

which arises from the first ventral arm plate and is directed 
inwards. ‘Teeth stout, triangular, obtuse. 

Arms strongly knotted. Dorsal arm plates in the proximal 
part very small, three-sided, with strongly convex outer side and 
very wide inner angle, much wider than long, with convex surface ; 
more distally, they become more or less regularly triangular and 
as long as, or longer than, wide. Lateral arm plates very well 
developed, strongly constricted at the middle of each joint, those 
of the two sides meeting each other both above and below. First 
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ventral arm plate small, pentagonal, with wide and truncated inner 
angle and eurved outer side, wider than long. The rest are 
large, pentagonal, with wide inner angle and perfectly rounded outer 
angles, much wider than long. Arm spines long, slender, hyaline, 
flattened and thorny, except the uppermost one or two which are 
nearly terete; upper ones longer; the uppermost spine is about 
two to three times, and the lowest one about two-thirds, as long 
as the corresponding arm joint. From the seventh or eighth joint 
outwards the lowest spine is transformed into a compound hook, 
being slightly bent inwards and bearing series of hooklets on the 
inner side. The arm spincs are seven or eight in number and 
approximated dorsally in the basal joints, but rapidly decrease in 
number outwards, so that they are four or five in the tenth 
joint. One tentacle scale, small, oval and flat. 

Colour in aleohol white. 

In one of the specimens, the tubercles of the disk are fewer, 
but in the second, they are larger, and the stelliform crowns are 
more complex, some of the rays bearing two or three denticles 
each. In the third specimen, the disk scales are coarser than in 
the other two, and the radial shields aro slightly longer than 
wide. 

This new species is near to Ophiomitrella partita (LórkEeN ἃ 
Mortensen, 1899), but differs from it chiefly in the smaller radial 
shields, in the disk tubercles having more slender stem and larger 
crown, in the arm spines being approximated dorsally in the first 
basal joints, and in the lowest arm spine being transformed into 
a compound hook. The six rays of the crown of the disk tubercles 
are formed by the bifurcation of the three primary rays, so that 
the disk tubercles are fundamentally of the same plan in both 
species. 


106 ART. 2.-—H. MATSUMOTO : 


Ophiomitrella polyacantha (Crank). 
Ophiomitra polyacantha: ΟΚ, Bull. U.S. Nat. Mus, LXXV, 1911, 
p. 187, fig. 86. 
Eastern Sea; 108 fathoms (Crank). 


Ophiophthalmus, g. nov. 


Disk covered with more or less imbricating, irregular scales, 
and may be beset with coarse granules. Radial shields naked, 
rounded or oval. Three to six oral papille on either side. Teeth 
arranged in a single vertical row. Dental papillo absent. Dorsal 
arm plates in contact with each other in the basal arm joints. 
Numerous arm spines, long, conical, opaque, hardly serrate, never 
approximating dorsally. Usually a single large, flat, leaf-like 
tentacle scale to each pore. 

This new genus includes Ophiacantha normani Lyman, 1879 
(referred to Ophiomitra by Lyman, 1882), Ophiomitra granifera 
LürkEN & Morrensey, 1899, Ophiacantha relicta Kanter, 1904, 
Ophiomitrella mutata Sauter, 1904, O. languida Kanter, 1904, O. 
placida Kener, 1904, Ophiomitra microphylac Cramx, 1911, O. 
codonomorpha Cusrx, 1011, Ophiacantha leucorhabdota Οτλεκ, 1911, 
O. eurypoma Crank, 1911, O. hylacantha Crank, 1911, Ophiomitrella 
americana Kanter, 1914, &e., besides the genotype, Ophiacantha 
calaleimmoida Crank, 1911. 

The present genus is very nearly allied to Ophiomitrella, but 
differs from it in the comparatively well developed dorsal arm 
plates, the basal ones being in contact with each other, and in 
the arm spines not approximating dorsally in the basal arm joints. 
Further, this genus differs from the genuine Ophiacantha in the 
short and rounded radial shields and in the coarser disk scales. 
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In my opinion, the shape of the radial shields is an important 
character in the systematic of the present family. The radial 
shields of the genuine Ophiacantha are long, narrow and bar-like. 
In VgnRILL's key, the species of Ophiophthalmus would appear as 
belonging to Ophialcwa, but the latter is a close ally of Ophiacantha, 
with long and bar-like radial shields. 


Key to Japanese species of Cphiophthalmus, 


A—Disk beset with some granules, or sometimes with spines; a single 
large tentacle scale to each pore. d 
a—Disk with granules only, without spines. 
b—Disk granules abundant, uniformly distributed on both the dorsal 
and ventral sides. 
c—Radial shields small, widely separated from each other; several 
granules occur at the outer border of the dorsal arm plates of basal 
free arm joints; four or five oral papille, of which the outermost 
one arises from the first ventral arm plate. 
d—Disk scales coarse; outer second oral papilla very large, wide; six 
or seven arm spines ..... sonet Ede DEDI Cece: cataleimmoidus. 
dd—Disk scales fine; innermost oral papilla largcst; four arm spines.. 
eaescodSORDENOTUNUSOUOUEERIDIT LIED DD OLD UL normani. 
cc—hHadial shields large, lying closely side by side in pairs, but not in 
contact with each other; six oral papille on either side; eight or 
nibcEnrmwspincoM 0 eT leucorhabdotus. 
bb—Disk granules few, being present only in the central parts of the 
dorsal surface, radial shields large, widely separated from each 
other; three oral papille on either side; eight arm spines........ 
dieting SOR Sd WED SQ DERETTTICIT er (HDD 
aa—Disk beset with stout rough spines, besides granules; radial shields 
moderately large; four oral papillae on either side; eight arm 
SUUS baaa a ον ες EU T ορ πο hylacantha. 


AA—Disk beset with many stumpy tubercles with stelliform crowns ; radial 
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shields very small, widely separated from each other; six or seven 


oral papille on either side, the outermost two arising from the 


adoral shield; oral shields separated from the first lateral arm 


plates; six arm spines; a single very small tentacle scale. .microphylax. 


Ophiophthalmus cataleimmoidus (Crank). 


Ophiacantha cataleimmoida: Crank, Bull, Ὁ. S. Nat. Mus, LXXV, 


1911, p. 217, fig. 100. 


Three specimens ; off Misaki, Sagami Sea. Numerous specimens, 


probably the young of the present species; off Misaki, Sagami Sea. 





Fig. 28. Ophiophthalmus cataleimmoidus. — x51. a. 
From above. b. From below. ο, Side view of three arm 
joints nenr disk. 


Off Omai Zaki ; 475— 
624 fathoms (Crank). 
Uraga Channel; 302 
fathoms (Crank) Yen- 
shi Sea, 507 fathoms 
(Crank). Off Kurile Is.; 
229 fathoms (CLARK). 

Bering Sea. Alas- 
ka. 

The disk scales are 
very coarse, stout, par- 
tially imbricated, or 
rather tessellated and 
with distinct sutures, 
each scale bearing several 
granules, which are 
never situated on the 
sutures, except in the 


peripheral zones of the 


disk, where the sutures are more or less obscured. 
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Ophiophthalius nornriané (LYMAN). 


Ophiacantha normani : Lyman, Bull. Mus. Comp. Zool, VI, Pt. 2, 1879, 
p. 98, Pl. XVI, figs. 414-416; LÜTKEN & MORTENSEN, Mem. Mus. Comp. 
Zool, XXII, 1899, p. 170, Pl. XVI, figs. 1-4; VERRILL, Trans. Connecticut 
Acad. X, 1899, p. 349 & 353; Crank, Bull. U.S. Nat. Mus., LXXYV, 1911, 
p. 215. u 


Ophiomitra normani: ΤΝΜΑΝ, Rep. Challenger, V, 1882, p. 208, Pl. 
XXVI, figs. 9-11. 


Eastern Sea; 95-106 fathoms (OLAnx). Yenshû Sea; 565-662 
fathoms (Lrwaw, CLARK). Sagami Sea; 345-775 fathoms (LYMAN, 
CraAnE). Off eastern Japan; 440—629 fathoms (Crank). South of 
Hokkaido ; 464 fathoms (OrAnk). Yezo Strait ; 533 fathoms (CLARK). 
Okhotsk Sea; 75-510 fathoms (Crank). 

Bering Sea. Alaska. Off Washington. West coast of 
Mexico. 


Ophiophthalmus leucorhabdotus (CLARK). 


Ophiacantha leucorhabdota : Crank, Bull. U. S. Nat. Mus, LXXY, 1911, 
v. 222, fig. 109. 


Eastern Sea; 103-152 fathoms (CLARK). 


Ophiophthalmus codonomorpha (CLARK). 


Ophiomitra codonomorpha : Crank, Bull. U. S. Nat. Mus, LXXV, 1911, 
p. 189, fig. 87. 


Off Mikawa, Yenshü Sea; 943 fathoms (Crank). 


Ophiophthaimus hylacantha (CLARK). 


Ophiacantha hylacantha : ΟΤΑΠΕ, Bull. U. S. Nat. Mus., LXXV, 1911, 
p. 227, fie. 106. 


Off Omai Zaki; 918 fathoms (CLARK). 
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Ophiophthalnus microhylax (CLARK). 
; Ophiomitra microhylax : Crank, Bull U. S. Nat. Mus, ΤΧΧΥ, 1911, 
p. 184, fig. 84. 
Eastern Sea; 103-152 fathoms (Cranx). 


Ophientrema VrnurL, 1899. 

CLARK" says that his Ophiacantha leucosticta “is almost 
certainly entitled to be the type of a new genus, the large 
amount of uncaleified skin and the peculiar condition of arm 
spines and tentacle scales furnishing good generic characters.” As 
far as I can judge, the species in question belongs to VERRILL’s 
subgenus Ophientrema, being identical with Ophiacantha (Ophientrema) 
scolopendrica Lyman, 1883. 

Though  Ophientrema was established as a subgenus of 
Ophiacantha, I am inclined to rank it as a distinct genus, because 
the shape of the radial shields, the large basal tentacle pores, the 
peculiar lower arm spines and tentacle scales, &e. are different 
from those of the genuine Ophiacantha. This procedure would 
naturally satisfy the need felt by CLARK. | 


Key to species of Ophientrema. 
A—Disk covered with fme imbrieating scales, and with minute, thorny, 
ecattoredtibercles .. c cuphylacteum. 
-L4—bDisk covered by a soft skin, scales being distinct only near the 


radial shields, and with minute, scattered granules. . scolopendricum. 


Ophientrema euphylacteum. 


Ophiacantha euphylactea : Crank, Bull. U. S. Nat. Mus, LXXV, 1911, 
p. 225, fie. 105. 


— OON 
1) Bull. U. 5. Nat. Mus., LXXV, 1911, p. 236. 
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Off Manazuru Zaki, Sagami Sea; 120-265 fathoms (Cranx). 


Ophientrema scolopendricum (LYMAN). 


Ophiacantha scolopendrica: LwAN, Bull. Mus. Comp. Zool, X, 1883, 
p. 259, Pl. VI, figs. 85-87. 


Ophiacantha (Ophientrema) scolopendrica : VERRILL, Transact. Connecticut 
Acad., X, 1899. p. 332. 


Ophiacantha leucosticta : Cung, Bull, U. S. Nat. Mus, LXXV, 1911, p. 
πον πο ΠΠ 


Yenshü Sea; 565 fathoms (Ταν), 507 fathoms (CLARK). 


Key to Japanese species of Ophiacantha. 
-ᾱ-- Oral papille arranged in a single series. 
a—sSingle tentacle scale to each pore. 


b—Arm spines smooth. 


c—Disk covered with spines or stumpy tubercles. 
d—Disk tubercles ending with a thorny crown. 
e—Four to seven arm spines. 
f—Four arm spines, which are shorter than the corresponding arm 
JUN cacosessooDBUDOOU NE DU ο ο DEO LESE dallasti. 
f —Five or more arm spines, of which the upper ones are distinctly 
longer than the corresponding arm joint. 
g-—Five or six arm spines; outer end of the radial shields naked..cenigmatica. 
gg—Seven arm spines; radial shields entirely covered over. 
h—Outermost oral papilla very large and wide. 


i—Outermost oral papilla much wider than long; tentacle scales acute.. 


"echt c] 5] | t] 2] ] |] | |] £5 0 05 ο ο. sat ο ο ο 


levispina. 
ii—Outermost oral papilla longer than wide; tentacle scales large, flat, 
ὑπ ο NOQUU OD τοπ. ον νο τες omoplata. 


ki—Outermost oral papilla not especially large and wide. 


j—Oral shields wide, with acute lateral angles; tentacle scales very 
απ, oimitosmgandancutc ee REPE pentagona. 
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jj—Oral shields not very wide, with rounded lateral angles; tentacle 
scales oval, flat, bluntly pointed ......................adiaphora. 


ee—Ten or eleven arm spines; stumpy tubercles of the disk very. short ; 
oral shields wide; tentacle scales large, long, acute......anchtlabra. 
dd—Disk covered only with spines. 
k—Three oral papille on either side; no spines along the outer border 
of basal dorsal arm plates. 
i—Disk spines smooth ; outermost oral papilla very long and spiniform ; 
eight or nine arm spines; tentacle scales conical, acute.......... 
ορ απ Pec o. ρα. 
U—Disk spines rough; outermost oral papilla flat and clavate; ten or 
eleven arm spines; tentacle scales long and flat......acanthinotata. 
kk—Six oral papille on either side; a row of spines present along the 
outer border of basal dorsal arm plates; eight arm spines; tentacle 
Ην πιπ...'.'Υ,ἃ πο DO e DD s 
cc—Disk covered with granules; seven or eight arm spines; tentacle 
SCALE ETE eee oes άσσος cond o 0 moc DERIN- 
bb—-Arm spines serrate. 
m—Oral papillæ and tentacle scales smooth. 
n—Disk covered with fine scales and sparsely beset with rough, stout 
Spines; SIX armo Splines. jeeps sce eoero mierea ους eee RG LOL 
nn—Disk covered with thorny, stumpy tubercles, among which several 
long, thorny spines are mingled; nine arm spines .........diploa. 
mm—Oral papilla and tentacle scales rough; disk tubercles ending with 
a thorny crown; six to eight arm spines ........... . rhachophora. 
aa—Two tentacle scales to each pore; disk covered with fine granules; 
six arm spines, flattened, smooth .....................ζὐσφμαπιαία. 


AA—Oral papille not arranged in a single series, but the outer ones 
clustered around the second oral tentacle pore; disk covered with 
short, granule-like spines; twelve serrate arm spines; single tentacle 


scale to enehi pore ............... o T SE ET 
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Ophiacantha datlasii DUNCAN. 


Ophiacantha dallasii: DuxGAN, Journ. Linn. Soc. London, XIV, 1879, 
p. 471, ΕΙ. XI, figs. 250-27; Lyman, Rep. Challenger, V, 1882, p. 199: 
DÖDERLEIN, SEwoN-Zool. Forschungsr. Australien u. Malayischen Archipel, V, 
1896, p. 291, Pl. XIV, figs. 3a-3e, Pl. XVI, figs. 12-12a. 

Off Korea, Sea of Japan; 50 fathoms (Duxoax). 


Amboina (D6pERLEIN). 


Ophiacantha cnigmatica, sp. nov. 


Seven specimens ; off Misaki, Sagami Sea. 


Diameter of disk 5 mm. Length of arms 25 mm. Width of 


arms at base 1.2 
mm. 

Disk penta- 
gonal, with con- 
cave interbrachi- 
al borders, flat, 
thin, covered by 
a thick skin, con- 
taining rather 
fine, rounded, 
thin, irregular 
scales, which be- 
come distinct 
when dried ; 
sparsely beset 
with small 
stumpy tuber- 
cles, which are 


bifid or crown- 





Fig. 29. Ophiacanths znigmatica. x12. a, From above b 
From below. ο. Side view of two arm joints near disk. 
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ed with a few thorns. Radial shields raised, long, narrow, about 
two-thirds as long as the disk radius, those of the same pair, 
parallel to each other. They are covered by the skin, and usually 
also by the scales except at the outer ends. In some specimens, 
they are almost entirely free from the scales. Interbrachial ventral 
surfaces similar to the dorsal side, but the stumpy tubercles are 
fewer and finer. Genital slits largo, long, almost reaching the 
disk margin, much widened and rounded at the inner ends. 

Oral shields small, rhomboidal, with concave sides and 
perfectly rounded lateral aud outer angles, inner angle like a 
beak, so that the inner sides form a brace-shape; very short, 
about twice as wide as long. Adoral shields large, stout, with 
concave adradial side, more or less separated from each other by 
a naked, depressed space, or sometimes entirely in contact. Three 
or four oral papille on either side, long, conical, rather obtuse ; 
the outermost one is directed laterally and protects the second 
oral tentacle pore; the next is the stoutest. Five or six teeth, 
obtuse or sometimes widened at the free end, with two or three 
irregular denticles, except the uppermost one, which is acute and 
is the longest. 

Arms rather stout, uniformly tapered, knotted, with very long 
joints. First two dorsal arm plates quadrangular, with very 
convex outer side, wider than long, in contact with each other. 
The second is the largest, and is wider without than within. 
Those following are small, triangular, with very convex outer side, 
slightly longer than wide, not in contact with each other. Lateral 
arm plates well developed, with prominent spine ridges, meeting 
each other above and below, except between the first and second 
ventral arm plates and between the first and second dorsal plates ; 


besides, the second and third dorsal plates often do not meet, 
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leaving a long, narrow, naked spacc. First ventral arm plate 
small, hexagonal, with concave inner side, about as wide as 
long. The second is the largest, and is triangular, with truncated 
inner angle and curved outer border, a little wider than long, in 
contact with the first plate. The rest are triangular, with acute 
inner angle and curved outer border, wider than long, separated 
from each other by the lateral arm plates. The outer border of 
the ventral plates consists indistinetly of three portions, of which 
the median is very slightly concave. Five or six arm spines, 
long, slender, spiniform, terete, solid, entire, except the lower 
spines, which are slightly thorny at the tips. The upper spines 
are longer than the lower. The uppermost one is about twice as 
long as, and the lowest a little shorter than, the corresponding 
arm joint. The lower spines are crowded and lie flat on the 
ventral surface of the arms. One tentacle scale, very minute’ 
acutely pointed. l 

Colour in alcohol: disk light yellowish gray, arms light 
yellow. 

This species is very near to O. trachybactra Crank, 1911, but 
differs from it chiefly in the fewer disk tubercles, in the fewer 
oral papille, in the shape of the oral shields and ventral arm 
plates, and in the fewer arm spines, which are never club-shaped. 

Like Ο. trachybactra, this species has some external re- 
semblances to Ophiolebes. However, I believe with Cranx, that it 


is more natural to place it.in Ophiacantha than in Ophiolebes. 


Ophiacantha levispina LYMAN. 


Ophiacantha levispina : Lyman, Bull. Mus. Comp. Zool, V, 1878, p. 147, 
Pl X, fig. 277; Lymay, Rep. Challenger, V, 1882, p. 196, Pl XXV, figs. 
1-8; Crank, Bull U. S. Nat. Mus, LXXV, 1911, p. 198. 
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Sea of Japan; 224-248 fathoms (Crank). Off Kii, Kumano 
Sea; 507-649 fathoms (Crank). Off Omai Zaki; 624 fathoms 
(Crank). Off Hiuga; 720 fathoms. Eastern Sea; 801-440 fathoms 
(CLARK). 

Malaysian waters. 


Ophiacantha omoplata CLARE. 


Ophiacantha omoplata : (Ἴλεκ, Bull. U. S. Nat. Mus., LXXV, 1911, p. 
202, fig. 93. 
Off Korea; 136 fathoms (Crank). 


Ophiacantha pentagona KEHLER. 


Ophiacantha pentagona: KEŒHSLFER, Ann. Sci. Nat. Zool., 8° Ser., IV, 1897, 
p. 942; KEHLER, Ech. Indian Mus, Deep-sea Oph., 1899, p. 53, Pl. IV, 
figs. 27-29; CLARK, Bull. U. S. Nat. Mus, LXXV, 1911, p. 196. : 

Ophiacantha pentagona var. armata : KEŒHLER, Rés. Camp. Sci. Monaco, 
XII. 1198, p. 55. 

Numerous specimens; Uraga Channel Numerous specimens ; 
Sengenzuka-Aoyamadashi, Sagami Sea; 85 fathoms. Numerous 
specimens ; Mera-out-Oisegaké, Sagami Sea ; 300 fathoms. Numerous 
specimens ; off Oshima; 90-100 fathoms. 

Off Kii, Kumano Sea ; 191—253 fathoms (Crank). Off Mikawa, 
Yenshü Sea; 943 fathoms (Crank). Off Port Heda; 161-167 
fathoms (CrAnk). Sagami Sea; 52-153 fathoms (CLARK). Suruga 
Gulf; 45-131 fathoms (Crank). Off Omai Zaki; 918 fathoms 
(Crark). Eastern Sea; 95-369 fathoms (Cramx). Korea Strait; 59 
fathoms (CLARK). 


Malaysian waters. West of Africa. 


MONOGRAPH OF JAPANESE OPHIUROIDEA. 117 


Ophiacantha adiaphora CLARK. 
Ophiacantha adiaphora : Crark, Bull. U. S. Nat. Mus, LXXV, 1911, 
p. 199, fig. 91. 
Sagami Sea; 622 fathoms (Crank). Sea of Japan; 90-207 
fathoms (CrAnx). Okhotsk Soa; 68 fathoms (Crank). 


Bering Sea. 


Ophiacantha anchilabra CLARK. 


Ophiacantha anchilabra : CrAng, Bull. U. S. Nat. Mus, LXXV, 1911,'p. 
205, fig. 95. 

One specimen; locality unknown, probably Sagami Sea. 

Off Ki, Kumano Sea; 649 fathoms (Crank). ΟΠ Omai Zaki; 
918 fathoms (CLARK). 


Ophiacantha lophobrachia CLARK. 
Ophiacantha lophobrachia : Crark, Bull. U.S. Nat. Mus., LXXYV, 1911, 
p. 232, fig. 109. 
Eastern Sea; 152 fathoms (CLARK). 


Ophiacantha acanthinotata CLARK. 
Ophiacantha acanthinotala : CrARE, Bull. U. S. Nat. Mus., LXXV, 1911, 
p. 203, fig. 94. 
Numerous specimens; Okinosé, Sagami Sea. Two specimens ; 
Mera-out-Oisegaké, Sagami Sea; 300 fathoms. 
Gulf of Tokyo; 169 fathoms (Crank) Eastern Sea; 181 
fathoms (Crank). 


Ophiacantha inutilis Kawuzn. 


Ophiacantha inutilis: Kanrrn, Exp. Siboga, XLV, Pl. 1, 1904, p. 111, 
Pl XXI, figs. 6-8; Όμληκ, Bull U.S. Nat. Mus, LXXV, 1911, p. 208. 
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Off Kii, Kumano Sea; 191 fathoms (CrARK). Uraga Channel; 
70-197 fathoms (Crank). Eastern Sea; 440 fathoms (Crank). 
Malaysian waters. 


Ophiacantha bidentata (RETZIUS). 


Asterias bidentata : Rerzius, Diss., 1805, p. 33. 

Ophiura velzii: Νπββον, Coll. Zool. Scand., 1817, p. 15. 

Ophiocoma arctica: MÜLIER & TROSCHEL, Sys. Ast., 1842, p. 103. 

Ophiacantha spinulosa: Mürrer & TroscHEL, ibid., p. 106; LÜTKEN, 
Addit. ad Hist., I, 1861, p. 65, Pl. II, fig. 14; Lxwaw, Ill. Cat. Mus. Comp. 
Zool, I, 1865, p. 93, fies. 6 & T. 

| Ophiacantha grénlandica : MÜLLER & TROSCHEL, Arch. Nature, 1844. p. 

183.» 

Ophiocoma echinulata : FORBES, SUTHERLAND's Journ. Voy. Baffin’s Bay 
II, App. 1852, p. 205. l 

Ophiacantha bidentata : LJUNGMAN, Ófv. K. Vet. Akad. Forh. XXVII, 
1871, p. 6525; Lymax, Bull. Mus. Comp. Zool, V, 1878, p. 149; KEŒHLEIR, 
Rés. Camp. Sci. Monaco, XII, 1898, p. 55; Griec, Fauna Arctica, 1, 1900, 
p. 267; Raski, Proc. Acad. Nat. Sci. Philadelphia, 1901, p. 179; NORMAN, 
Ann. Mag. Nat. Hist, 7th. Ser, XII, 1903, p. 407; KEHLER, Mem. Soc. 
Zool Fr., XIX, 1906, p. 6; K«nnEB, Exp. Sci. Travaillew et Talisman, 
VIII, 1907, p. 289; Kanter, Bull. Sci. Fr. Belge. XXXIV, 1907, p. 317; 
Kanter, Bull. Mus. d'Hist. Nat, 1909, p. 123; KEHLER, Rés. Camp. Sci. 
Monaco, XXXIV, 1909, p. 184; Kester, Bull. Mus. d'Hist. Nat, 1909, p. 
128; CraRE, Bull. U. S. Nat. Mus, LXXV, 1911, p. 195; Kauter, Bull. 
Mus. d'Hist. Nat., 1913, p. 14; σητΕΕ, Bull. U. S. Nat. Mus, LXXXIV, 
1914, p. 80. 

One specimen ; locality unknown. 

Sea of Japan; 130-536 fathoms (Crank). Gulf of Tartary 


318 fathoms (Crank). Off Kurile Is.; 229 fathoms (CLARK). 


1) These papers were not seen by me. 
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Bering Sea. Arctic Ocean. North Atlantic. 


Ophiacantha prionota Crank. 


Ophiacantha prionota : Crang, Bull. Ὁ. S. Nat. Mus, LXXV, 1911, y. 
Salleh, ang, BE). 
Off Tanega-shima ; 1,008 fathoms (CLARK). 


Ophiacantha diploa CLARK. 


Ophiacantha diploa: CranEg, Bull. U. S. Nat. Mus., LXXV, 1911, p. 207. 
Off Hiuga: 437 fathoms (CLARK). 


Ophiacantha rhachophora CLARK. 


Ophiacantha vhachophora : Crank, Bull. U. S. Nat. Mus, LXXV, 1911, 
p. 201, fig. 92. 

Four specimens; off Inatori, Izu. 

Eastern Sea; 106—139 fathoms (Crank). Off Omai Zaki; 475— 
505 fathoms (Crank). Off Ose Zaki, Suruga Gulf; 63-100 fathoms 
(Cuan). Sagami Sea; 83-153 fathoms (Crank). Uraga Channel; 
197 fathoms (Crank). Off Kii; 191-253 fathoms (Crark). Sea 
of Japan; 90-207 fathoms (Crank). 

Bering Sea. 

I hesitated at first to refer these specimens to the present 
species. The distal end of the radial shields is naked but not 
conspicuous, and the outermost oral papilla arises from the 
adoral shield. Besides, there occurs one scale-like papilla on the 
first ventral arm plate, projecting inwards and vertically. These 
characters are not apparent in Crank's figure; but it is to be 
remarked that the insertion of the outermost oral papilla is very 
liable to be misunderstood when the papilla is not turned up but 
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Fig. SO. Ophiacantha rhachophora, x18. a, From above, b. From below. 


c, Side view of two arm joints near disk. 


directed in the same direction with the others, so that in such a 
case the oral papille appear as shown in Cranx's figure. 


Ophiacantha bisquamata MATSUMOTO. 


Ophiacantha bisquamata : Matsumoto, Proc. Acad. Nat. Sci. Philadel- 
phia LXVII, 1915, p. 62. 
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Two speeimens ; off Óshima, Sagami Sea; 75-85 fathoms. 

Diameter of disk 6 mm. Length of arms 34 mm. Width of 
arms at baso 1.5 mm. 

Disk pentagonal, with nearly straight or slightly convex 
interbracbial borders, flat, soft, closely covered with fine granules, 
of which eight or nine are contained in 1 mm. Radial shields 
entirely eovered over, very small, bar-like, separated from each 
other. Interbraehial ventral 
surfaces similar to the dorsal 
side, but free of granules 
and eovered with fine scales 
in the inner parts. Genital 
slits long, nearly reaching 
the disk margin. 

Oral shields small, rhom- 
boidal, with convex inner 
sides and rounded outer 
angle, nearly as long as, or 
slightly longer than, wide, 
jomed with the first lateral 
arm plates.  Adoral shields 


small, triangular, pointed 





inwards, meeting with each 


other Five or six oral pa- Fig. 81. Ophiacantha bisquamata. x8. a. From 
2 above. b. From below. ο. Arm spines of one 
pille on either side of each side of an arm joint near disk. 


jaw ; the outermost two are 

flat, leaf-like and protect the second oral tentacle poro, whilo the 
others are very narrow and acute; the innermost one, which 
forms a pair with that of the other side, is infradental. Four or 


five teeth in a single vertieal row, more or less stout, obtuse. 


122 ART. 2.—H. MATSUMOTO : 


Arms composed of short and wide joints, uniformly tapered. 
Dorsal arm plates rhomboidal, with very obtuse outer angle, wider 
than long, slightly in contact with each other, with à more or 
less distinct median keel, so that the dorsal side of the arm is 
keeled as a whole. Lateral arm plates with prominent spine 
ridges, meeting neither above nor below. First ventral arm plate 
very small, quadrangular, with concave inner side, longer than 
wide. Those following are moderately large, pentagonal, with 
convex but slightly notched outer side and rounded outer angles, 
about as wide as long. -Six arm spines, long, flattened, more or 
less curved, truncate, translucent, but not serrate; the uppermost 
or the next spine is the longest and is about two and a half 
times as long as the corresponding arm joint, while the lowest 
one, the shortest, is slightly longer than the same. Two oval, 
thin, leaf-like tentacle scales to each pore. 

Colour in alcohol: disk grayish brown; one specimen with five 
white patches, which correspond to the radial shields, the other 
without any; arms banded with grayish brown and white. The 
grayish brown parts are dark green and the white parts vivid red 
in life, according to my own observation on board the ** Ikuomaru." 

This species more or less resembles O. bidentata in the 
disk coverings, though precise comparison may be dispensed with. 
The presence of two tentacle scales to each pore, together with 
the very fine granulation, makes the present species very easy to 


be recognised. 


Ophiacantha rosea LYMAN. 


Ophiacantha rosea: ΤΥΜΑΝ, Bull. Mus. Comp. Zool, V, 1878, p. 139, 
Pl. X, figs. 267 & 268; Lyman, Rep. Challenger, V, 1882, p. 148, Pl. 
XXV, figs. 10-12. 
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Sagami Sea; 420-775 fathoms (Lymay). 
! Lat. 46° 40’ S., long. 37° 50’ E.; 310 fathoms (Lymax). ! Lat. 
50? 10' S., long. 74° 42' E,; 175 fathoms (Lyman). 


Ophiacanthella acontophora (Crank). 

Ophiomitra acontophora : CusrK, Bull. U. S. Nat. Mus, LXXV, 1911, 
p. 190, fig. 88. 

Off Kurile Is.; 229 fathoms (Cranx). 

Dering Sea. Alaska. Off Aleutian Is; 1,213 fathoms (!) 
(CLARK). 

This species appears to be distinguished from the genotype, 
O. troscheli (Lxwaw, 1878), by the total absence of the disk 
granules, by the more numerous disk spines, which have a few 
denticles near the tip, by the fewer oral papilla and arm spines, 
and by the smaller dorsal arm plates, which are not in contact 
with each other. I consider that, it is more natural to refer this 


species to the present genus than to any other known one. 


Revision of Ophiothamnus, s. ext. 


It is a wonder that, the present genus has been long left in 
a great confusion. As far as I can judge, those species which 
have been referred to the present genus by modern systematists 
correspond to a type, which was not considered to be Ophiothamnus 
by Lyman, while certain species, which must be congenerie with 
Liymay’s type of Ophiothamuus, have been referred to various other 
genera. For example, the so-called ** Ophiothamnus” of modern 
systematists includes Ophiomitra exigua Lyman, 1879 (referred to 
Ophiothamnus by VERRILL, 1899), Ophiothamnus levis LürkEN ἃ 
MORTENSEN, 1899, O. stultus KaurgR, 1904, &e., while the genuine 


Ophiothamnus, referred to other genera by modern systematists, 
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includes Ophioleda minima Karen, 1906 (= Ophioplinthaca occlusa 
Kener, 1907), Ophiomitra habrotata Crank, 1911, &c. The 
differences between these two groups may be given as follows: 
Genuine Ophiothamnus :—Disk marked out into five brachial 
lobes by deep interradial notehes of the  interbrachial 
borders, and strongly puffed out interbrachially ; disk scales 
fine; radial shields not perfectly joined, but in contaet with 
each -other only at the outermost parts (except in O. 
remotus); oral shields very small, separated from the first 
lateral arm plates by the adoral shields, which are very 
large; interbrachial ventral surfaces large, covered with 
numerous fine scales; arms very slender, composed of long 
and slender joints; arm spines not serrate, the lowest one 
being never hook-shaped ; ventral arm plates very small, 
much narrower than the corresponding arm joint; genital 
burs very rudimentary, being represented merely by the 
creases, between the interbrachial ventral surfaces and the 
arm bases ; genital plates very closely set in radial pairs, lying 
above the basal vertebree ; genital scales absent; generative 
glands covered by a membrane, which contains fine scales ; 
peristomial plates triple; distal  vertebre ineompletely 
divided into halves by a longitudinal series of pores. 
So-called Ophiothamnus :—Disk not distinctly lobed; disk 
seales coarse; radial shields joined in pairs along nearly 
the entire length; oral shields large, in contact with the 
first lateral arm plates; adoral shields large, lying entirely 
proximal to the oral shields; interbrachial ventral surfaces 
small, covered with rather few coarse scales, of which two 
or three are large and conspicuous; arms stout at the 


base, composed of short and stout joints; arm spincs usually 
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serrate, the lowest one being hook-shaped in distal arm 
joints ; ventral arm plates large, wide, nearly as wide as the 
corresponding arm joint; genital burse well developed; 
genital plates, genital scales, generative glands and peristomial 
plates unknown, but probably normal; distal vertebrie 
unknown. 

In view of these differences, the two groups can hardly be 
united in a single genus. I therefore propose the name Ophiuro- 
thamnus, nov., for the so-called Ophiothamnus, to distinguish it 
from the genuine Ophiothamnus. 

There are two other species, viz. Ophiothamnus gracilis STUDER, 
(1882) 1883, and Ophiacantha gracilis VERRILL, 1885 (referred to 
Ophiothamnus by V., 1899), which have been referred to Ophiothamnus, 
but probably belong neither to the genuine Ophiothamnus nor to 
Ophiurothamnus. Though I am not able to settle their systema- 
tie position owing to their very imperfect descriptions, they may 
possibly be referable to Ophiacantha. 


Ophiothamnus Lymay, 1869, emend. 
Syn. Ophioleda Kxgmrxn, 1906. 


Disk divided into five brachial lobes, covered with fine, 
imbricating scales, and beset with scattered spines. Radial shields 
large, naked, more or less joined in pairs outwards. Genital 
burs very rudimentary, being represented by the creases between 
the disk and the arm bases. Oral shields small, separated by the 
large adoral shields from the first lateral arm plates. Three or 
four oral papille on either side of each jaw, the outermost one 
being very large and operculiform. Peristomial plates very large, 
triple. Arms inserted ventrally to the disk, composed of long, 


slender, hour-glass-shaped joints. Arm spines long, slender, spini- 
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form, acute, glassy, but not serrate, the lowest one being never 
hook-shaped. 

This genus includes Ophiothamnus vicarius Lyman, 1869, O. 
affinis Lsuxamax, 1871, O. remotus Lyman, 1878, Ophioleda minima 
Kaner, 1906, Ophiomitra habrotata Cuarx, 1911 and Ophiothamnus 
venustus Matsumoto, 1915, the first being the genotype. 

I consider Ophioleda K«aurren as a synonym of Ophiothamnus 
Lymax, because I am not able to make any essential distinctions 
of generic character between the two genotypes, judging from the 
descriptions and figures of Lyman and Keuter. 


Key to Japanese species of Ophiothamnus. 


A—Disk spines dimorphic, a few very long, acute spines being present, 
besides very minute ones; interbrachial ventral surfaces entirely 
free of spines; dorsal arm plates comparatively large, longer than 
half the corresponding arm joint in free basal joints; eight or nine 
“πηρες, a eere ους ορος M aA RHOD habrotatus. 

AA—Disk spines monomorphic, very minute; interbrachial ventral surfaces 
also beset with several spines; dorsal arm plates very small, much 
shorter than half the corresponding arm joint; nine or ten arm 


GPUS. o gne EM tee ο ο ο s NES venustus. 


Ophiothamnwus habrotatus (CLARK). 


Ophiomitra habrotuta > Cuxnx, Bull. U. S. Nat. Mus, LXXV, 1911, p. 
182, fig. 83. l 
Eastern Sca; 05-106 fathoms (CLARK). 


Ophiotheannus venustus Marscmoro, 1915. 


Ophiothamnus venustus : MATSUMOTO, Prce. Acad. Nat. Sci. Philadelphia, 
1915, p. 63. 


Numerous specimens; off Inatori, Izu, Sagami Sea. 


EN 


L. 
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Diameter of disk 3 mm. 
arms at base 0.5 mm. 


Length of arms 23 mm. Width of 


Disk five-lobed, ie. divided by five radiating interradial 


furrows into five heart-shaped lobes, with large radial shields and 








Fig. 32. Ophivthamnus venustus. — x20. 


a. From above. b. From below. 
c, Side view of three arm joints near disk. 
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fine, imbrieating scales, the latter bearing here and there very short, 
acute spines. The radial shields are very large, triangular, with 
rather acute inner and perfectly rounded abradial angles; tho 
adradial side is the longest, three-fourths as long as the disk 
radius; the shields are about twice as long as wide, and are 
apposed to each other by the outer one-third to one-fourth of the 
adradial sides. Interbrachial ventral surfaces covered by fine, 
imbrieating scales and beset with short, acute spines; the latter 
being less numerous than on the dorsal surface. 

Oral shields very small, triangular, with acute inner and 
rounded outer angles, slightly longer than wide.  Adoral shields 
very large, long, stout, wider outwards, tapered inwards, meeting 
with cach other. Oral plates exceedingly small. Three or rarely 
four oral papille on either side; the outermost one arises from 
the adoral shield and is very large and unusually wide; the rest 
are very small; there is often one additional infradental papilla. 
Teeth four, blunt, with widened free end, except the uppermost 
one, which is the longest and is acute. 

Arms slender and long, strongly knotted. Dorsal arm plates 
very small, three-sided, with extremely wide inner angle and 
curved outer border, extremely short, much wider than long. 
Lateral arm plates extremely well developed, meeting each other 
above and below, and so well soldered below that the line of 
suture is hardly visible; with well developed spine ridges ; strongly 
constricted at the middle. First ventral arm plate exceedingly 
small, pentagonal. The rest are quadrangular, with curved outer 
side, wider than long, decreasing in size outwards. The arm 
spines are needle-like, very long, acute. They are nine or ten in 
number and approximated dorsally in the first two or three free 
joints. In the first free joint, the uppermost spine is about three 
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times, and the lowest one about one and a half times, as long as 
the corresponding arm joint. More distally, the arm spines beeome 
rather rapidly fewer and shorter, so that in the tenth free arm 
joint, they are five in number and about as long as the correspond- 
ing arm jomt. One tentacle scale, comparatively large, blunt in 
the basal joints, but pointed more distally. 

Colour in aleohol white. 

I have observed the internal structures of this species, and 
ascertained that the internal oral skeleton, genital plates and 
gencrative glands are quite similar to those of the genotype 
(Lyman, Challenger Rep., Pl. XLII, fig. 1). 


Ophiurothamnus, g. nov. 


Disk covered with rather eoarse scales. Radial shields large 
joined in pairs nearly along the entire length. Interbrachial 
ventral surfaces small, with a pair of large, distinct plates joined 
to each other in the interradial line. Another large, prominent 
plate is present at the middle of the interradial margin, lying just 
outside the paired plates mentioned. Genital burs well developed. 
Oral and adoral shields stout, the latter being entirely proximal 
to the former. Three or four oral papillae on either side, the 
outermost one being usually very large and wide. Teeth arranged 
in a single vertical row. Dental papille absent. Arms strongly 
knotted, with hour-glass-shaped joints. Dorsal arm plates very 
small. Lateral arm plates well developed, those of the two sides 
meeting above as well as below. Ventral arm plates short, very 
wide, as wide as the corresponding arm joint. Arm spines long, 
slender, usually serrate; those of the first one or two free arm 
joints approximated dorsally. Lowest spine of the outer arm joints 
hook-shaped. One tentacle scale to each pore. 
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The present genus includes Ophiomitra exigua Lyman, 1879 
(referred to Ophiothamnus by VERRILL, 1899), Ophiothamnus levis 
LürkEN & Mortensen, 1899, and Ophiothamnus stultus Kamrxn, 
1904, besides the genotype, Ophiomitra dicycla Cuank, 1911. 

Ophiurothamnus is very near to Ophiomytis and Ophioplinthaca, 
but differs from the former chiefly in the very small dorsal arm 
plates and in the basal arm spines approximating dorsally ; from 
the latter in the absence of the marginal disk scales, in the smaller 
interbrachial ventral surfaces, which are covered with fewer, 
coarser scales, in the smaller dorsal arm plates, and in the basal 
arm spines approximating dorsally. Further, this genus differs 
from Ophiothamnus in the coarser disk scales, in the radial shields 
being joined along the whole length, in the fewer and coarser 
scales of the interbrachial ventral surface, in the well developed 
genital bursæ, in the stout oral shields, which are in contact with 
the first lateral arm plates, in the stouter arms, in the very wide 
ventral arm plates, which are as wide as the corresponding arm 
joints, in the serrate arm spines, and in the usually hook-shaped 


lowest spines in the distal arm joints. 


Ophiurothamnus dicyclus (Crank). 
Ophiomitra dicycla: Crank, Bull. U. S. Nat. Mus, LXXV, 1911, p. 
181, fig. 89. 
Eastern Sea; 434 fathoms (Crank). Bungo Channel; 437 


fathoms (CLARK). 


Ophioplinthaca cardiomorpha (CLARK). 


Ophiomitra cardiomorpha : Cragg, Bull. Ὁ. S. Nat. Mus., LXXV, 1911, 
jos JU ine, GL. 
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Eastern Sea; 361-440 fathoms (Crank). Bungo Channel ; 720 
fathoms (Crank). Off Shio Misaki; 587 fathoms (Crank). Off 
Omai Zaki; 624 fathoms (CLARK). 


Key to Japanese species of Ophiomitra. 

A—Disk scales coarse; radial shields very narrow, widely separated 
from each other; oral shields rhomboidal or pentagonal, about as 
wide as long; five or six arm spines, of which the uppermost or 
the next one is the longest and about twice as long as the cor- 
MEMO πιηον πο ο. πο. bythiaspis. 

AA—Disk scales fine; radial shields not very wide, lying rather closely 
side by side; oral shields much wider than long; six or seven 
arm spines, of whieh the uppermost or the next one is the longest 


and about thrice as long as the corresponding arm joint. lithosora. 


Ophiomitra bythiaspis Crank. 


Ophiomitra bythiaspis : Crank, Bull. U. S. Nat. Mus, LXXV, 1911, p 
185, fie. 58. 


Off Yenshà Sea; 943 fathoms (Crank). 


Ophiomitra lithosora (CLARK). 


Ophiocamax lithosora: CrAn&, Bull. U. S. Nat. Mus, LXXV, 1911, p. 
191, fig. 89. 


Off Kii; 244-253 fathoms (Crarx). Eastern Sea; 361 fathoms 
(CLARK). 

In the genuine Ophiocamax, the disk is not very deeply lobed 
and the radial shields are joined in pairs along the whole length. 
The present species lacks these characteristics of Ophiocamax, but 
exhibits all the characteristics of Ophiomitra as emended by 
VERRILL, 1899. 
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Ophiocamax polyploca CLARK. 
Ophiocamax polyploca : CLARK, Bull. U. S. Nat. Mus., LXXV, 1911, p. 
193, fig. 90. ; 
Eastern Sea; 95-152 fathoms (Crank). Kagoshima Gulf; 85 


fathoms (Crank). 


Key to Japanese species of Ophiolebes. 


-A— Four oral papille on either side of each jaw; ventral arm plates 
not notched outwards at least within the disk; seven arm spines ; 
single tentacle scale to each pore; disk beset with numerous small, 
rather well spaced, stumpy tubercles ..............0. brachygnathe. 

AA—Three oral papillae on either side; ventral arm plates distinctly 
notched outwards even within the disk; five arm spines; tentacle 
scales absent. 

a—Disk closely beset with very numerous small, rather granule-like, 
ην τε... a M MEN ELE sss ee ο ο ο asaphes. 

aa—Disk sparsely beset with rather large, conical tubercles, which are 
more or less numerous on the radial shields, but few in the other 


DADS. n M oc ο 17 25 no ngdgoc tuberosa. 


Ophiolebes brachygnatha CLARK. 
Ophiolebes brachygnatha: Crank, Bull. U. S. Nat. Mus, LXXV,*1911, 


p. 240, fig. 115. 
Off Simushir 16.; 229 fathoms (Crank). 


Ophiolebes asaphes CLARK. 


Ophiolebes asaphes: CrAnx, Bull. U. S. Nat. Mus, LXXYV, 1911, p. 


239, fig. 114. 
Off Kinkwasan; 182 fathoms (Craux). Off Hokkaido; 175- 


349 fathoms (Cark). Off Saghalin; 100 fathoms (Cramx). 


MONOGRAPH OF JAPANESE OPHIUROIDEA, 138 


Ophiolebes tuberosa MATSUMOTO. 


Ophiolebes tuberosa: Marsumoro, Proc. Acad. Nat. Sci. Philadelphia, 
1915, p. 64. 

Numerous specimens; Okinosé (a submarine bank), Sagami 
Sea. 

Diameter of disk 10 mm. Length of arms 38 mm. Width 
of arms at base 1.5 mm. 

Disk five-lobed, with strongly concave interbrachial borders, 
deeply hollowed at the central region, covered by a thick, cereous 
skin, which contains well spaced, coarse granules or thick, 
rounded seales of various size; beset with several short, conical, 
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Fig. 88. Ophiolebes tuberosa, x8. a. From above. ὦ, From below, 
c. Side view of three arm joints near disk. 
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stout, obtuse tubereles, whieh are larger and more numerous on 
the radial shields. Radial shields also covered by the skin, long, 
narrow, strongly raised, about two-thirds as long as the disk 
radius. Interbraehial ventral surfaces covered by a skin similar 
to that of the dorsal surface, the granules and tubercles being 
however smaller. Genital slits large, long, but not reaching the 
disk margin. 

Oral skeleton also covered by the eereous skin. Oral shields 
rather small, thick, rhomboidal wider than long, with wide, 
rounded outer angle and eonvex surface. Adoral shields large, 
quadrangular, with perfectly rounded outer angles and strongly 
convex surface, wider without than within, meeting with each 
other inwards. Between each pair of oral plates, occurs a more 
or less distinet buccal pore. Three or sometimes four oral papille 
on either side, conical and blunt; inner ones smaller; the outer- 
most papilla is very large and stout. ‘There oeeurs often one 
additional papilla just below the teeth. The oral papille project 
laterally so as to reach beyond the radial axis, and those of the 
two sides of each oral slit are placed alternately. ‘Teeth conical, 
stout, obtuse. 

Arms slender, covered by a thin, cereous skin. Dorsal arm 
plates two to each joint; the inner one has convex surface, and 
is small, quadrangular, wider than long, but in the more distal 
pat of the arm is often longer than wide; the outer one is 
large, fan-shaped, much wider without than within. and has 
convex surface. The dorsal side of the basal region of the arms 
is covered by the continuation of the disk covering, so that it 
bears coarse, rounded, smooth, convex, well spaced granules or 
seales of various size in place of the dorsal arm plates. Lateral 
arm plates somewhat flared outwards, meeting below for a short 
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extent. First ventral arm plate comparatively large, hexagonal, 
with concave inner side and convex surface, widest at the lateral 
angles, as long as or slightly longer than wide, in contact with 
the next plate, which is the largest of all, pentagonal, widest at 
the lateral angles, as long as or slightly longer than wide, and 
has:convex surface and a conspicuous notch at the outer angle. 
The rest separated from one another, rhomboidal, with a con- 
spicuous notch at the outer angle, with strongly convex surface ; 
more distally they become smaller, oval or round, and the surface 
is so convex as to appear like hemispherical tubercles. The arm 
spines are five in number in the proximal joints, but four in the 
more distal ones. They are conical, blunt, solid, terete; dorsal 
ones longer and stouter; in the basal joints of the arms, the 
uppermost spine is about one and a half times, and the lowest 
one about two-thirds, as long as the corresponding arm joint. 

Colour in aleohol yellowish brown. 

In younger specimens, the skin of the disk and arms is very 
thick, and the buccal pores are often indistinct. 

This species is apparently near to O. brachygnatha, especially 
in the disk coverings. But a careful comparison will show that, 
the present species is more closely allied to O. «saphes than to 


O. brachygnatha, as shown in the foregoing key. 


Ophiosemnotes, 2. nov. 


Disk high and convex, covered by a cereous skin, which 
obscures the underlying stout scales; beset with granules or stumpy 
tubercles. Radial shields exposed, rounded or triangular. more or 
less separated from each other. Three or four oral papille on 
either side of each jaw. Teeth in a single vertical series. Dental 
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papilze absent. Arms also covered by a cereous skin. Dorsal 
arm plates entire. Arm spines conical, blunt, stout, opaque. <A 
single conical, blunt tentacle scale to each pore. 

This new genus includes Ophiolebes tylota Cuarx, 1911, ο. 
pachybactra Ο1λεκ, 1911, Ophiactis clavigera LauNGwMAN, 1866 
(referred to Ophiolebes by Lyman, 1882), Ophiacantha cdidisca 
Crank, 1911, Ophiolebes diaphora Cuarx, 1911, O. paucispina CLARK, 
1911, and O. brevispina Crank, 1911, the first being the genotype. 

Ophiosemnotes differs from the genuine Ophiolebes chiefly in 
the short, rounded or triangular, exposed radial shields and in the 
entire dorsal arm plates. In Ophiolebes as here restricted, the 
radial shields are long, narrow, bar-like and not exposed, and the 
dorsal arm plates are divided into two, inner and outer, secondary 
plates. Ophiosemnotes is very near to Ophiochondrella, but differs 
from it in the short ventral arm plates, which are separated from 
one another, and in the single thick, not leaf-like tentacle scale 
to each pore. In Ophiochondrella the ventral arm plates are 
quadrangular, as long as the corresponding arm joint and joined to 
one another, and the tentacle pores are provided with two thin, 
leaf-like scales. 


Key to Japanese species of Ophiosemnotes. 


A-—Disk closely covered with fine granules; radial shields oval, 
separated from each other; dorsal arm plates rather large, in 
contact with each other in the free basal arm joints, bearing a row 
of granules along the outer border; arm spines rather short, upper 
ones being nearly as long as the corresponding arm joint; lower 
aN GOMES. ικα CHE scons RES EU TE . edidisca. 


AA—Disk sparsely besot with clavate tubercles and granules; radial 
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shields triangular, more or less separated or the pairs slightly in 


contact at the outermost part; dorsal arm plates small, separated 


from each other by the lateral arm plates, entirely free of granules ; 


arm spines long, the uppermost one being nearly thrice as long as 


the corresponding arm joint; lower arm spines clavate ...... tylota. 


Ophiosemnotes wdidisca (CLARK). 


Ophiacantha edidisca: Crans, Bull. U.S. Nat. Mus, LXXV, 1911, p. 


220, fig. 101. 

One speci- 
men; Albatross 
station 4958, off 
Hiuga ; 405 
fathoms. 

Off Hinga ; 
405-578 fath- 
oms(CLARK). Off 
Omai Zaki ; 505. 
fathoms (CLARK). 
Off Kii; 544- 
545 fathoms 
(Crank). 

Though this 
species ap- 
parently re- 
sembles certain 
species of Ophi- 
ophthalmus, the 
high and convex 


disk, the very 


SN 





Fig. 34. Ophiosemnotes axlidisca, x8. a. From above. b. From 
below. ο. Side view of two arm joints near disk. 
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small oral region, the slender, skin-covered arms, the narrow 
ventral arm plates, of whieh the outer border is slightly notched, 
the short, stout, skin-covered arm spines and the conical, not 
leaf-like tentacle scales show that it is only distantly related to 
that genus. On the other hand, the present species is very near 
to O. diaphora, which appears to me to find its natural place in 


this genus. 


Ophiosemnotes tylota (CLARK). 
Ophiolebes tylota: Cr^nk, Bull. U. S. Nat. Mus, LXXV, 1911. p. 243, 
fig. 117. 
Sea of Japan; 90-207 fathoms (CLARK). 


Bering Sea. 


Family 2. Hemieuryalidz (Verr, 1899) mihi, 1915. 


Disk covered with very heavy plates and stout radial shields, 
the primaries being usually very conspicuous. Interbrachial ventral 
surfaces very small, with very short genital slits. Oral and adoral 
shields very thick. Three or four flat oral papillie on either side 
of each jaw. Teeth triangular, arranged in a single vertical 
series. Dental papille absent. Peristomial plates simple, stout, 
soldered with the oral frames, which are also very stout. Genital 
plate and seale of the same side of a radius soldered together, very 
stout. Arms very stout, covered with very heavy arm plates,vertical- 
ly coiled. Vertebree stout. Vertebral articulations streptospondyline, 
articular pegs being very rudimentary or entirely, absent. 

This family includes seven genera, which may be grouped 
into two subfamilies as follows. 

Subfamily 1. Ophiochondrine (VERRILL, 1899) mihi, 1915.— 
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Dorsal arm plates entire, without supplementary plates; five to 
eight arm spines, moderately long, conical; no tentacle scales 
proper, but the lowest arm spine may serve as one. 
Ophiochondrus Lyman, 1869.” 
Ophiomeris Kanter, 1904 (= Ophiurases Crarx, 1911). 
Ophiogyptis Kamien, 1905. 

Subfamily 2. Memieuryaline Marsumoro, 1915.—Dorsal arm 
plates often accompanied by supplementary plates or replaced by 
a mosaie of seeondary plates; three arm spines and one tentacle 
scale, both being very short and flat. 

Sigsbe‘a Lyman, 1878. 

Ophioholeus CuarK, 1915. 

Ophioplus VERRILL, 1899. 

Hemieuryale vox Marvrens, 1867. 

Aceording to Lyman, Ophiochondrus convolutus Lyman, 1869 has a 

a very heavy armature, which lies under the disk skin. The 
radial shields are bar-like, long, thick and solid. The genital 
plates are massive, a full half of the length being occupied by the 
club-shaped head, while the comparatively small shaft is rounded 
and tapering. About half way along the length of the genital 
plate, there is soldered to it the small, rounded genital scale. The 
peristomial plates are simple, very thick and strong. Within the 
disk, the vertebre are short and discoid; but beyond the disk 
margin, they take on a curious elongate shape. ‘Their outer face 
has a wide massive articular shoulder to support the large umbo 
of the next vertebra; the articular peg is very small, and there 
is no distinct hole for its reception in the next vertebra. The 
important structures of Ophiomeris projecta Marsumoto, 1915 are 


1) Ophioplus armatus KazgLER, 1907 (referred to Ophiochondlrus by K., 1914) and Ophiochondrus 
granulatus KÆHLER, 1914, are in my opinion referable to the genuine Ophiolebes. 
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almost similar to those of the preceding, but the radial shields are 
more massive and the inner parts of the genital plates, as well as 
the genital scales, are thin and plate-like. 

Aecording to Lymax’s statements, the internal structures of 
Hemieuryale pustulata vos ManrENS, 1867 are essentially similar 
to those of Ophiochondrus, but more specialised. The genital plate 
and seale of the same side of a radius are also soldered together. 
The peristomial plates are simple and comparatively small. The 
artieular shoulder of each vertebra is very stout, while the artieular 


peg is entirely absent. 


Key to Japanese species of Ophiomæris. 


A—Disk entirely free of large, spherical tubercles; each radial pair of 
radial shields separated from each other by a row of two or three 
(lines. antt co E obstricta 





AA—Large, spherical tubercles present along the outer margins of the 


radials and along the adradial borders of the radial shields; radial 


shields joined in pairs along the whole length............ projecta 


Ophiomeris obstricta (ΤΧΜΑΝ). 


Ophioceramis(?) obstricta : YxxAN, Bull. Mus. Comp. Zool, V. 1878, p. 
124, Pl. VI, figs. 164-166; LYMAN, Rep. Challenger, V, 1882, p. 26, Pl. XI, 
figs. 1-3. 

Ophiomæris obstricta : Kenter, Exp. Siboga, XLV, Pt. 1, 1904, p. 17. 

Ophiurases obstrictus: Crank, Bull, U.S. Nat. Mus, LXXV, 1911, p. 
250, fig. 199. 

Eastern Sea; 95-135 fathoms (Crux). 

Lat. 5° 42' S., long. 132° 95’ Κι; 129 fathoms (Lxvwax). 
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Ophiomeris projecta, MATSUMOTO. 

Ophiomeris projecta: Matsumoto, Proc. Acad. Nat. Sci. Philadelphia, 
1915, p. 65. 

Two specimens; off Uki-shima ; 300 fathoms. One specimen ; 
Uji-shima, Osumi. 

Diameter of disk 4 mm. Length of arms 13 mm. Width of 
arms at base 1.5 mm. 

Disk five-lobed, with concave interbrachial borders, with a 
very regular rosette of the central, basal and radial plates, 
surrounded by 
the radial 
shields. Cen- 
tral plate cir- 
cular, rather 
large. Radials 

rhomboidal, 

eonsiderably 

larger than the 
central plate, 
separated from 
each other by 
the small and 
oblong basals. 
The radials 
may be in con- 





tact with the 
central plate, 


c 


or separated 


from it by one Fig. 85. Ophiomeris projecta. x10. a. From above. b. From 


or two very below. c. Side view of three arm joints near disk. 
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small, intervening scales, and bear several very prominent, spherical 
tubercles along the outer margins. Radial shields very large and 
stout, triangular, with an acute inner angle, longer than wide, 
each pair in contact by the outer half of their whole length, and 
narrowly separated from the next pair by a sunken, oblong plate. 
The radial shields do not lie in the same plane with the central 
rosette, but are inclined outwards and interradially, so that the 
central rosette appears elevated above its surroundings. The 
radial shields also bear prominent tubercles along or on their 
adradial borders, as well as often along their outer margins. Just 
outside and below the outer edge of the radial shields, there is a 
very stout and nearly vertical plate, on which the radial shields 
rest elevated above the general surface of the arm. Interbrachial 
spaces below very small, covered by a few convex plates. Genital 
slits small, lying just outside the oral shields. 

Oral shields large, rhomboidal, wider than long in surface — 
view, but the outer angle is prolonged upwards like a beak. 
Adoral shields longer than the oral shields, wider without, tapered 
inwards and meeting each other. Three oral papille on either 
side, rather close-set, outermost one quadrangular, largest of all, 
wider than long; 


both being longer than wide. Four or five teeth, stout, spear- 


the next bluntly and the last acutely pointed, 


head-shaped, the uppermost one longer and acuter than the rest. 

Arms stout and short, uniformly tapered outwards. Dorsal 
arm plates triangular, with straight inner ‘sides and two-lobed 
outer, wider than long, strongly convex, separated from one another 
by the lateral arm plates, which are very stout and strong- 
ly flared outwards. First ventral arm plate small, pentagonal, 
longer than wide, wider within than without, if we except 


the pointed portion. Second and following triangular, with concave 
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inner sides, outer side convex as a whole, but slightly concave at 
the middle, wide and very short.  Suceessive plates separated from 
one another; distally they become rapidly smaller, and tho outer 
border is then entire. Arm spines conical, acute, short, shorter 
than the corresponding arm joint; upper ones longer, lower ones 
somewhat rough at the end, looking like compound hooks towards 
the extremity of the arms. They are about seven in number in 
the first basal joints, but rapidly deerease in number as well as 
in size, so that, on the eighth lateral plate, they are only four 
and about half as long as the eorresponding joint. 

The plates of the disk and arms are shagreened. 

Colour in alehohol: disk gray, arms banded with grayish 
brown and white. 

The present species is very closely related to O. obstricta 
(Lyman), but differs from it chiefly in the presence of the prom- 
inent tubereles on the disk and in the radial shields joining in 
pairs in the radial line. In the first mentioned character, this 


species closely resembles Ophioqyptis nodosa K@uier, 1905. 


Order ill. GNATHOPHIURIDA MATSUMOTO. 


Disk covered with fine, imbrieating scales, which are very 
regular in size and arrangement. Radial shields well developed, 
each having a conspicuous articular pit near the outer end for the 
reception of a large, ball-like artieular condyle of the genital plate. 
Genital plates usually fixed to the basal vertebra. Genital scales 
short, wide, flat, leaf-like, artieulating with the genital plates near 
the outer end of the latter. Besides, an additional scale is present 
on the abradial border of the innermost part of each genital slit, 
being also short, wide, flat, leaf-like and firmly fixed to the oral 
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shield. Peristomial plates entire, or rarely double, usually very 
small. Oral frames very stout, with strongly developed lateral 
wings as a rule, for the attachment of voluminous masticatory 
muscles. Oral and dental plates usually very stout, the two plates 
usually presenting an X-shape in dorsal view. Oral papille few, 
often entirely absent. Dental papilla well developed only in forms 
without oral papille. ‘Teeth stout, usually quadrangular, with 
widened, straight or wavy apical edge. Arms slender, inserted 
ventrally to the disk, horizontally flexible, or sometimes more or 
less coiled vertically. Vertebral articulation zygospondyline. 
Dorsal, lateral and ventral arm plates all well developed. 


Key to families of Gnrathophiurida. 


A—Teeth triangular, not very stout; peristomial plates large; oral 
frames entire, without well developed lateral wings; genital plates 
free, not fixed to the basal vertebra; oral papille present; no dental 
SESS ces seam e ETT Amphilepididæ. 

AA—Teeth quadrangular, very stout; peristomial plates small; oral frames 
with well developed lateral wings ; genital plates firmly fixed to the 
basal vertebree. 

a—Oral papil present; no vertical clump of dental papille...... 

Amphiuride. 
aa—Oral papille absent; dental papille well developed, forming a 


vertical clump at the apex of each jaw ............ Ophiotrichide. 


Family 1. Amphilepididae Marsumoro, 1915. 


Disk covered with fine, imbricating scales. Radial shields 


sometimes very rudimentary but often well developed, with a 
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conspicuous articular pit near the outer end for the reception of a 
large, ball-like articular condyle of the genital plate, which is 
entirely free from the basal vertebre. Genital seales short, wide, 
flat, leaf-like. Peristomial plates entire, very large. Oral frames 
not very stout, without well developed lateral wings. Oral plates 
long and slender in interior view. Dental plates very small, or 
absent. Teeth and oral papilla present; but no dental papille. 
Arms slender, inserted ventrally to the disk, being only horizontally 
flexible. Dorsal, lateral and ventral arm plates all well developed. 
Three to five arm spines, conical or eylindrical, with smooth 
surface. One or two tentacle scales. Vertebre slender, with 
aygospondyline artieulation; in the distal part of the arms, they 
are often incompletely divided into halves by a longitudinal series 
of pores. 

This family includes three genera, which may be grouped as 
follows. 

I. Seeond oral tentacle pores opening more or less outside 

the oral slits, so that the latter are gaping. 
Amphilepis LiunGMAN, 1866. 

II. Second oral tentacle pores opening entirely within the 
oral slits, so that the latter are closed by the oral 
papillae. 

Amphiactis Marsumoro, 1915. 
Ophiochytra Lyman, 1880. 

Though the present family much resembles the next family, 
Amphiuride, in external features, the internal structures are rather 
Lemophiuridan, with large peristomial plates and entire oral frames. 
The articulation of the radial shield and genital plate, as well as 
the flat, thin genital seales, however, gives ground for placing this 
family in the present order. In short, tho present family is the 
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least specialised among the Gnathophiurida, and stands next to 
the Leemophiurida. 

In Amphiactis wmbonata Matsumoto, the genital plate and radial 
shield articulate with each other by means of a hemispherical 
articular condyle of the former and a large articular socket of the 
latter, the former being entirely free from the basal vertebre. 
The genital scales are flat and thin, articulating with the genital 
plates near the outer end. The peristomial plates are simple and 
very large. The oral frames are small and entire, without well 
developed lateral wings. The oral plates are long and slender in 
internal view. The dental plates are absent. According to LYMAN, 
the internal structures of Amphilepis norvegica LsuxGMAN, 1860, 
appear to be essentially similar to those of the above mentioned 
species, save that the peristomial plates are somewhat smaller and 
the dental plates are present. 


Amphilepis tenuis Lyman, 


Amphilepis tenuis: Lyman, Bull. Mus. Comp. Zool., VI, Pt. 2, 1879, p. 
35, PI. XVI figs. 432-434; Lymax, Rep. Challenger, V, 1882, p. 151. 
Southwards from Boshi; 1,875 fathoms (Lxwax). 


Amphiactis Marsumoro, 1915. 


Disk covered with imbricating scales, radial shields moderate- 
ly large. Four or five oral papille on either side, unequal in size, 
arranged almost in a continuous series. "Teeth arranged in a single 
vertical row.  Peristomial plates entire, very large; oral frames 
slender and without lateral wings. Arms long and slender, only 
horizontally flexible. Distal vertebree often imperfectly divided into 
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halves by a series of pores. Three to five arm spines. One or 
two tentacle scales to each pore. 

This genus includes Amphiura duplicata Lyman, 1875, A. 
canescens Lyman, 1879, A. patula Lyman, 1879, A. partita Kenner, 
1897, Ophiactis dissidens Karen, 1904, and O. parata Kanurrm, 
1904, besides the genotype, Amphiactis umbonata MATSUMOTO, 
1915. 

The representatives of the present genus were formerly referred 
to Amphiura by Lyman, and then to Ophiactis by LüTkEN ἃ 
MoRTENSEN. Amphiactis differs from Amphioplus in the absence of 
the paired infradental papille, and from Ophiactis in having 
numerous oral papille arranged in a continuous series, so that the 
oral slits are entirely closed. Further, the internal structures are 
entirely different from those of the Amphiuride. Again, the 
present genus differs from Ophiochytra in the well developed radial 
shields. 


Aanphiactis umbonata MATSUMOTO. 


Amphiactis umbonata + MarsvMoTo, Proc. Acad. Nat. Sci. Philadelphia, 
1915, p. 67. 
Two specimens; off Misaki, Sagami Sea. 


Diameter of disk 7mm. Length of arms 30mm. Width of 
arms at base 1.2mm. 

Disk cireular, flat, covered with rather coarse and irregular 
scales. Central plate large, circular, surrounded by ten small scales, 
corresponding in position to the infrabasals and basals. The five 
radials large, larger than the central plate, with strongly curved 
abeentral border, which almost forms a semicircle. The central 
and radials have each a small but distinct central or subcentral 
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boss. The seeond radials and the first to third interradials may 
also be distinguished, and are large and prominent. Thus, the 
disk squamation is rather similar 
to that of Ophiozona. Radial 
shields > comparatively small, 
oblong ovate, about two-fifths 
as long as the disk radius, 
twiee as long as wide, wider 
without, more convex abradially 
than adradially, separated from 
each other by a row of three 
or four plates, of which the 


inner ones are larger. In eaeh 





interradial spaee, there are five 
to seven irregularly radiating 
BEES rows of seales.  Interbrachial 
Fig. 86. Amphiactis umbonata. x8. a ventral surfaces covered with 

From above. b. From below, ο. Side view i | : N 
ES inia nen disk, coarse, irregular,  imbrieating 
scales. Genital slits long, near- 

ly reaching the margin of the disk. Genital scales invisible. 

Oral shields small, rhomboidal, with acute inner and rounded 
lateral and outer angles, and slightly concave inner sides. Adoral 
shields wider without, nearly or quite meeting within. Four oral 
papillæ on either side of the oral angle, inner ones smaller and 
more acute. Deep in the oral slits, on either side of the oral 
angle, there oeeurs one long, acute, needle-like papilla. Five teeth, 
all blunt, except the uppermost one, which is pointed. 

Five arms, slender, flattened, uniformly tapered toward the 
extremity. Dorsal arm plates large, fan-shaped, twice as wide as 


long; inner sides slightly convex and forming an obtuse angle 
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within, outer side decidedly convex, outer angles rounded; succes- 
sive plates separated by the lateral arm plates, except the basal 
two or three. Lateral arm plates low, not very prominent. First 
ventral arm plate small, divided into two pieces, of which the 
inner one is triangular and the other quadrangular. Those beyond 
large and hexagonal, except the second plate which is pentagonal ; 
much wider than long, widest at the outer lateral angles, with 
concave lateral sides and slightly convex inner and outer sides, 
swollen along the outer borders and especially at the outer angle, 
so that the arms appear keeled along the ventral median line. 
Three arm spines, subequal, about as long as the corresponding 
arm joint, but the uppermost one is slightlv longer; cylindrical, 
tapered and blunt. Two flat, oval tentacle scales to each pore, 
but sometimes three to the first. 

Colour in alcohol white. 

The present species may be easily distinguished from all the 
other species of Amphiuctis by the Ophiozona-like squamation, and 
especially by the presence of the umbonated primary plates. 


Family 9. Amphiuridze (Lsunemay, 1867) mihi, 1915. 


Disk covered with fine, imbricating scales, or rarely by a 
naked skin, sometimes beset with minute spines. Radial shields 
well developed, with a conspicuous articular socket on the ventral 
surface near the outer end, fitting to the large, ball-like articular 
condyle of the genital plate. Genital plates firmly fixed to the 
basal vertebree. Genital scales short, wide, flat, articulating with 
the genital plates near the outer end of the latter. Besides, there 
occur a pair of short, flat scales, just outside each oral shield, 
supporting the proximal abradial border of the genital slits. 
Peristomial plates very small, usually entire. Oval frames very 
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stout, with well developed lateral wings for the attachment of 
voluminous masticatory muscles. The oral and dental plates are 
very stout in internal view, the two presenting an X-shape. One 
to six oral papille on either side, the innermost one being often 
infradental. Teeth very stout, widened, squarish, with wavy or 
notched cutting ends. Arms inserted ventrally to the disk, 
horizontally flexible, or rarely capable of coiling vertically. Dorsal 
side of the vertebra entire, not strongly notched inwards. Vertebral 
articulation zygospondyline, the articular peg being always present. 
Arm spines moderately long, conical, stout, opaque. Usually 
one or two leaf-like tentacle scales, sometimes none. 

The present family includes eighteen genera, which may be 

grouped into two subfamilies as follows. 

Subfamily 1.  Ophiactinine Marsumoro, 1915:—No_ paired 

infradental papillee. 
Ophiactis LüTKEN, 1850. 
Hemipholis (Acassiz) Lyman, 1865. 
Ophiopus Lruneman, 1866. 
Ophiopholis MÜLLER & TroscHEL, 1842. 

Subfamily 2.  Amphiurine mihi, 1915:—Paired infradental 

papillæ present. 

I. Four or more oral papillæ on either side, the outermost 
one or two arising from the adoral shield ; one additional 
papilla is present just outside and above the infradental 
one; oral slits closed by the oral papille. 

Amphioplus VERRILL, 1899. 
Amphichilus, nov. 
Amphiacantha, nov. 
Amphilimna VERRILL, 1899. 


II. Three, rarely four, oral papillæ on either side, none 


Jt 


TY, 
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arising entirely from the adoral shield; no additional 
papilla just outside and above the infradental one, whieh 
therefore is the highest in position of all; oral slits closed 
by the oral papillee. 

Amphiodia VERRILL, 1899. 

Ophiophragmus Lywas, 1865. 

Ophiocnida Lyman, 1865. 
Three oral papille on either side, the outermost one 
being very large and operculiform; no additional papilla 
just outside and above the infradental one, which therefore 
is the highest in position of all; oral slits closed by the 
oral papillee. 

Amphipholis Lyuxemay, 1867. 

Ophiostigma LüTxEN, 1856. 
Two, sometimes three, oral papille on either side, the 
outermost one or two arising from the adoral shield; one 
additiona! papilla is present just outside and above the 
infradental one; oral slits gaping. 

Amphiura Forses, 1849 (-Ophionephthys | LirvkEN, 

1869). 

Ophionema LürkrN, 1869. 

Ctenamphiura VERRILL, 1899. 

Paramphiura Kener, 1895. 

Ophiocentrus LyunGuan, 1866 (=Amphiocnida VERRILL, 

1899). 


I have dissected several specimens of Ophiactis pteropoma 


CraRK, Hemipholis elongata (Sav), Ophiopholis aculeata (Lxxwi), 
Amphioplus ancistrotus (Cuarx), Amphiacantha acanthina (CLARK), A. 
dividua, nov., Ophiophragmus japonicus Matsumoto, Amphipholis 
kochii LürKEN, Amphiura koree Duxcay, A. trachydisca CLARK, A. 
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vadicola Mxrsuxoro, Ophiocentrus verticillatus (DópERLEIN), ke., and 
am strongly impressed by tho uniformity of the internal structures 
of this family. The oral frames are especially stout, with very 
well developed lateral wings for the attaehment of voluminous 
masticatory muscles; those of Ophiactis pleropoma are less stout 
than those of the representatives of the other genera. The oral 
and dental plates are very stout and more or less X-shaped in 
internal view. The peristomial plates are rather or very small 
and usually entire, save in the representatives of Amphiura and 
Ophiocentrus, in which they are double or rarely triple; they are 
comparatively large in Ophiopholis aculeata, Amphioplus ancistrotus, 
Amphiura koreew, A. trachydisca and Ophiocentrus verticillatus, but 
exceedingly small in Lemipholis elongata, Ophiophragmus japonicus 
and Amphiura vadicola. The genital plates are firmly fixed to the 
basal vertebrae, save in Amphiacantha dividua, nov., in which they 
are free from the basal vertebre. This peculiarity of the species 
just mentioned is probably due to the faet that, the single type. 
specimen is very small and young. The genital plates of Ophio- 
centrus verticillatus are somewhat unusual in position, lying entirely 
dorsal, but not lateral, to the basal vertebri. As to the genital 
seales and the articulation of the genital plate and radial shield, 
the statement in the diagnosis of the present order holds true for 
all the representatives of the genera thus far studied by myself. 
The dorsal side of the vertebre is usually entire, without any 
conspicuous notch inwards; and only in Ophiocentrus verticillatus 
is it distinctly notched inwards and more or less Y-shaped, 
rather reminding us of that of the next family. According to 
Mortensen, Ophiopus arcticus LsusGMAN has very rudimentary 
genital bursæ, which are represented merely by the creases between 
the arm bases and the interbrachial ventral surfaces, and the genera- 
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tive glands are covered by a sac-like membrane, which contains 


very fine and delicate scales when viewed under the microscope. 


Key to Japanese genera of Ophiactinine. 


A—Oral angles not exceedingly short; oral papille arising from the 
oral plate ; dorsal arm plates entire, without supplementary ones .. 
BuosssdeithbcoBE NP OETOQU ARDOR C NE TERELIIEEEQTCIEE Ophiactis. 

AA—Oral angles exceedingly short; oral papille arising from the adoral 
shield ; dorsal arm plates hemmed by a row of supplementary ones 


along the outer, and often also lateral, sides .......... Ophiopholis. 


Key to Japanese species of Ophiactis. 


A—Threc arm spines; disk nearly or entirely free of spines. 
&—YXive arms; oral shields much wider than long ........ brachygenys. 
aa—Six arms; reproducing by schizogony; oral shields about as wide 
as long. 
b—-Nadial shields separated from each other by a row of three scales; 
uppermost arm spine the longest ...................--- pleropoma. 
bb—Radial shields separated from each other by a single wedge-shaped 
scale, except at the outer ends, where they are in contact; middle 
munESpinesbbeslonccsta e METRI E on ovo be cook dyscrita. 
AA—Four or more arm spines; disk beset with a number of spines. 
c—Four arm spines. 
d—Five arms; disk scales fine; radial shiclds separated from each 
eile e gx mone οὗ ἵσπι ουν»... aginis. 
dd—Six arms; disk scales coarse; radial shields partially joined in 
HS aa dies are ted ol enue το c UENDUDES ee T macrolepidota, 
cc—Five or more arm spines; six arms; reproducing by schizogony. 
c—Five arm spines in free basal arm joints; dorsal arm plates 
exceedingly wide, about thrice as wide as long; single oral papilla 


Oe T Ea E ὋΝ. 020 eee modesta. 
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ce—Six arm spines in free basal arm joints; dorsal arm plates less 
than, or nearly, twice as wide as long; two or three oral papille 
on either side. 

J—Adoral shields meeting with each other both in the radial and 
interradial lines; interbrachial ventral surfaces covered with fine 
SGHES Plon ο M er cado oh uakeoan 6 savignyi. 

f/—Adoral shields not meeting with each other either in the radial or 
interradial lines; interbrachial ventral surfaces covered by a naked 


GUSTY vasca t Oe ko 0005 gymnochora. 


Ophiactis brachygenys CLARK.” 
Ophiactis brachygenys : CtAng, Bull. U. S. Nat. Mus, LXXV, 1911, p. 
135, fig. 51. 
Off Manazuru Zaki, Sagami Sea; 120-265 fathoms (CLARK). 
Off Hiuga; 437—720 fathoms (CLARK). 


Ophiactis pteropoma Crank. 

Ophiactis pleropoma : CrARK, Bull. U.S. Nat. Mus, LXXV, 1911, p. 
134, fig. 50. 

One speeimen; Misaki. 

Sea of Japan; 195 fathoms (Crnk). Off Kii; 191-253 fathoms 
(CLARK). A 

This species appears to me to be very near to O. profondi 
LürkEeN & Μοπτενρεκ, 1899, differing from it merely in the arm 


spines being unequal instead of being subequal. 


Ophiactis dyscrita CLARK. 
Ophiactis dyscrita : Crank, Bull. U. S. Nat. Mus, LXXV, 1911, p. 137, 
fig. 52. 
Six specimens, clinging to a hexactinellid sponge; off Oshima, 


Sagami Sea; 75-85 fathoms. 
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Kagoshima Gulf; 58 fathoms (CLARK). 

The largest one of my specimens measures only 2 mm. across 
the disk and 10 mm. in the arm length. In some arm joints, tho 
uppermost one of the three arm spines is longer than the middle 
one, which is usually the longest. The colour in alcohol of these 
specimens is not gray, but light green. - 


Ophiactis affinis Duncan. 
Ophiactis affinis: DuNCAN, Journ. Linn. Soc. London, XIV, 1879, p. 
469, Pl. X, fig. 23, Pl. XI, fig. 24; Lyman, Rep. Challenger, V, 1882, p. 
115; Κσπτππ, Bull. Sei. Fr. Belg., XXXI, 1898, p. 71; Kenen, Res. Exp. 
Siboga, XLV, Pt. 9, 1905, p. 26. 
Korean seas (Duxcax). 


Indian Ocean and Malaysian waters (Kca@HLER). 


Ophiactis macrolepidota MAn&TANNER. 


Ophiactis macrolepidota: MARKTANNER-TURNERETSCHER, Ann. K. K. 
Naturhist. Hofmus. Wien, II, 1887, p. 298, Pl. XU, figs. 12 & 13; DöDER- 
LEIN, Denkschr. Med. Nat. Ges. Jena, VIO, 1898, p. 484, Pl XXXVII, 
figs. 1 & la. 


One specimen; Uraga Channel. Three specimens; Asami Bay, 
Tsushima. 

Sidney (MankTANNER-TunNERETSCHER). Amboina (DÖDERLEIN). 

The specimens at hand were all found adhering to Ophiothrix 
koveana. The largest one is 1.8mm. in the disk diameter and 
7mm. in the arm length. Unlike ManxrTANNER-TURNERETSCHER'S 
type, imbricating scales are visible in the interbrachial ventral 
surfaces in all the specimens. The disk is yellowish and the arms 


are light greenish above and light yellowish below in alcohol. 
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Fig. 97. Ophiactis macrolepidota, x40. a, From above. b. From 
below. ο, Side view of two arm joints near disk. 


Ophiactis modesta BROCK. 


Ophiactis modesta : Brock, Zeitschr. wiss. Zool, XLVII, 1888, p. 482; 
DÖDERLEIN, SEMON -- Zool Forschungsr. in Austr. u. Malay. Archip., 1896, p. 
285, Pl. XIV, fie. 1, Pl. XV, fig. δ; Kanter, Mem. Soe. Zool Fr, XVII, 
1904, p. 63, figs. 10 & 11. 

Numerous specimens; Misaki. 

Amboina. 


The largest one of the specimens at hand is 4mm. in the 
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disk diameter and 20mm. in the arm length. With the excep- 


tion of three which are five-armed, they are all six-armed. One 


of the five-armed specimens has three larger and two smaller 


arms, while another 
has two larger and 
three smaller ones. 

The ventral arm 
plates have each an 
hour-glass | shaped 
depression on the 
surface, which seems 
to me to be a dis- 
tinctive character of 
this species, though 
apparently unnoticed 
by previous authors. 
In DODERLEIN’s 
photograph, this de- 
pression 15 faintly 
visible. 

Colour in al- 
cohol: dull green; 
disk with two or 
three patches of very 
dark green; arms 
banded, two darker 


joints alternating 





Fig. 88. Ophiactis modesta. x20. a. From above. b. From 
below. c. Side view of three arm joints near disk. 


with four or five lighter ones; each dorsal arm plate with three 


yellowish spots on the outer margin. 
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Ophiactis savignyi (MÜLLER & TroscHer). 


Ophiolepis suvignyi : Mitten & TnoscHEL, Sys. Ast, 1842, p. 95. 

Ophiolepis sex-radia : GRUBE, Ύγτεα. Arch. Naturg., 1857, p. 343.” 

Ophiactis sex-radia : LÜTKEN, Addit. ad Hist., IT, 1853, p. 126; LYMAN, 
lll. Cat. Mus. Comp. Zool, T, 1865, p. 115; Crank, Ann. New York Acad., 
XI, 1898, p. 4135; Kanter, Bull. Sci. Fr. Belg., XXXI, 1898, p. 72. 

Ophiactis krebsi; : LUTKEN, loc. cit.; Lyman, loc. cit, p. 111; LJUNGMAN, 
Οἵ. K. Vet. Akad. Fórh., 1866, p. 3235; VERRILL, Transact. Connect. Acad., 
1, 1867, p. 265; Duncan, Journ. Linn. Soc. London, XIV, 1879, p. 465; 
LJUNGMAN, loc. cit, 1871, p. 627; RATHBUN, Transact. Connect. Acad., V, 
1880, p. 158; VERRILL, Bull Lab. Nat. Hist. Towa, V, 1899, p. 845; CLARK, 
Bull. U. S. Fish Comm., IT, 1901, p. 246. 

Ophiactis reinhardti: LüTREN, loc. cit, p. 161, Pl. ΠΠ, fig. 7. 

Ophiactis savignyi : LxMAN, Rep. Challenger, V, 1882, p. 115; Lupwie, 
Mem. Couronn. Say. Acad. Belg., XLIV, 1882, p. 14; LÜTKEN & MORTEN- 
SEN, Mem. Mus. Comp. Zool., XXIII, 1899, p. 140; Kuen, Exp. Siboga, XLV, 
Pt. 2, 1905, p. 26; Kanter, Bull U.S. Nat. Mus, LXXXIV, 1914, p. 41. 

Two specimens; Koajiro, Misaki Numerous specimens (be- 
longing to the First High School) Misaki. 

Korean Seas (Duncan). 

Malaysian waters. Australia. Sandwich 15. ` Gulf of Cali- 
fornia. West Indies. 

The larger one of the two specimens mentioned first is 3.5 mm. 
in the disk diameter and 10mm. in the arm length. The smaller 
one is 2mm. across the disk. Both are six-armed, ‘and have no 
distinct central plate. In the larger specimen, the dorsal arm 
plates are often divided into two or three pieces, and are scarcely 
lobed on the outer side; the colour is yellowish brown in alcohol, 


and faintly banded on the arm near the extremity. In the 


1) These papers were not seen by me. 
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smaller one, the colour is vivid 
green in alcohol; the arms have 
darker and lighter bands of the 
same colour; and each dorsal 
arm plate has three white spots 
on the outer margin, which are 
especially conspicuous 
dark bands. 


this species, the colour changes 


in the 
It seems that, in 


in alcohol from green to brown 


in the course of time. 


e 


Ophiactis gymnochora CLARK. 


Ophiactis gymnochora : CLARK, 
Bul. U.S. Nat. Mus., LXXV, 1911, 
p. 139, fig. 54. 


Tanega-shima (Crauk). 





Fig. 39. Ophiactis savignyi. x16. a. From 
above. b. Fróm below. ο. Side view of 
two arm joints near disk. 


Key to Japanese species and varieties of Ophiopholis. 


A—One very large supplementary plate present on either side of each 


dorsal arm plate, besides the smaller supplementary ones. . mirabilis. 


AA—No especially large supplementary dorsal arm plates, though there 


is present a row of small supplementary plates along the outer, and 


often also lateral, borders of each dorsal arm plate. 


a—Supplementary dorsal arm plates occurring along both the outer and 


lateral borders of the primary ones; oral papilke short and stout. . 


bu aha uae ee ος. aculeata. 


b—Arm spines short, stout, flattened, blunt; radial shields mostly or 


entirely covered with granules or spines .......... typical aculeata. 


160 ART. 2.—H. MATSUMOTO : 


bb—Arm spines long, slender, conical, rather pointed; radial shields 
mosty portene naked ο το πο var. japonica. 
«c—Supplementary dorsal arm plates occurring only along the outer 
border of the primary ones; oral papille long and slender.... 


brachyactis. 


Gphiopholis mirabilis (DUNCAN). 

Ophiolepis mirabilis: Duncan, Journ. Linn. Soc. London, XIV, 1879, 
p. 460, Pl. IX, fig. 12, Pl X, figs. 13 & 14. 

Ophiopholis mirabilis: Lyman, Bull. Mus. Comp. Zool, VI, 1879, p. 43; 
Lymay, Rep. Challenger, V, 1882, p. 115; Kantrr, Rés. Camp. Sci. Monaco, 
NOONE 1909, p. 168; Char, Bull. U.S. Nat. Mus, LXXV, 1911, p. 117, 
fig. 43. 

Numerous specimens; off Misaki. Numerous specimens (be- 
longing to Mr. R. Sarró, Imperial Museum at Uyeno,Tokyo); Aomori 
Bay. Four specimens; off Hokkaido, Okhotsk Sea. 

Korea (Duxcaw) Uraga Channel; 58 fathoms (Cuan). 
Off Doumiki Saki; 61 fathoms (Crank) Off Ando Zaki; 76-79 
fathoms (στλκκ). Off Kinkwasan; 78 fathoms (Crank). Hakodate 
Bay; 11.5-22 fathoms (CLARK). 

The largest of these specimens is 10mm. in the disk diameter 
and 40mm. in the arm length. Most specimens are brownish 
gray in alcohol, variegated or spotted on the disk and banded on 
the arms with dark gray, and often patehed on the disk with 
white. Some other specimens are yellowish brown, variegated and 
banded with dark brown, while still others are light brown, not 
variegated or banded. One specimen is entirely white. The 
relative size of the dorsal arm plates and the two large supple- 


mentary plates is also variable, ranging from 2:1 to 1:1. 
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Ophiopholis aculeata 
(LiNNÉ). 


_ Asterias aculeata: LINNÉ, 
Sys. Nat., 1767, p. 1101. 
Ophiopholis aculeata : 
Gray, Rad. Anim. Brit. 
Mus., 1848, p. 955; LÜTKEN, 
Addit. ad Hist. Oph., I, 
1861, p. 60, Pl. ΙΤ, figs. 15 
& 16; Lxwaw, Rep. Chal- 
lenger, V, 1882, p. 112, PI. 
XLVI, fig. 6; Lupwic, Zool. 
Jahrb. I, 1885, yp. 285; 
Bert, Cat. Brit. Mous. 
Echinod., 1892, p. 125; 
GRIEG, Bergens Mus. Aarbog, 
1892 (1893), No. 3, p. 9; 
GREG, Fauna Arctica, I, 





Fig. 40. Ophiopholis mirabilis, x63. a. From above. 
1900, p. 264 ; Micuainovsry, b. From below. c. Arm spines of one side of an arm 
joint near disk. «d. Arm spines of one side of an arm 


D αρ 
Ann. Mus.  Pétersbourg, ο a 


1902, p. 494; GREG, Ber- 

gens Mus. Aarbog, 1902, p. 

13; NioHors, Proc. R. Irish Acad., XXIX, 1908, p. 257; Norman, Ann. Mag. 
Nat. Hist, Ser. 7, ΝΗ, 1908, p. 407; Crans, Bull. U.S. Fish Comm., 1904, 
p. 559, Pl. V, figs. 24-27, Pl. VIL figs. 41 & 52; Kanter, Bull. Sci. Fr. 
Belg., XLI, 1907, p. 208; Kanter, Rés. Camp. Sci. Monaco, XXXIV, 1909, 
p. 167; Crarx, Bull. U.S. Nat. Mus., 1911, p. 128, fig. 48; NioHors, Proc. 
R. Irish Acad, XXXI, 1911, p. 57; Kanter, Bull U.S. Nat. Mus. 
LXXXIV, 1914, p. 38. 


Eleven specimens (belonging to Mr. H. Asawo, Imperial Bureau 
of Fishery); off Kitami; 60 fathoms. 


1) This paper was not seen by me. 
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Sea of Japan; 59-190 fathoms (Crank). Gulf of Tartary ; 
318 fathoms (Crank) Okhotsk Sea; 64-73 fathoms (Cranx). 
North Pacific. Arctic Ocean. North Atlantic. 


Ophiopholis aculeata var. japonica (LYMAN). 

Ophiopholis japonica: Lyman, Bull. Mus. Comp., Zool, VI, Pt. 2, 1879, 
p. 42, Pl. XIII, figs. 374-376; Lyman, Rep. Challenger, V, 1882, p. 111, 
Pl. XXIII, figs. 13-15; KEHLER, Rés. Camp. Sci. Monaco, XXXIV, 1909, 
p. 168. 

Ophiopholis aculeata var. japonica : CLARK, Bull. U. S. Nat. Mus., LXXV, 
WOU, qos WEG Sues dm. 

Numerous speci- 
mens; off Misaki, Saga- 
mi Sea. "Three speci- 
mens; off Hokkaido, 
Okhotsk Sea. One 


specimen ; Albatross 
station — 4784. One 
specimen ; Albatross 


station 4791. 

Off Omai Zaki, 
Yenshü Sea; 475- 
565 fathoms (Crank, 
Lyman). Sagami Sea; 
369-775 fathoms (CLARK, 
Lyman), Uraga channel ; 
58-302 fathoms-(Cranx). 





Fig. 41. Ophiopholis aculeata var. japonica. x6. a. 


From above. b. From below. ο, Arm spines of one Off Kinkwasan; 89 
side of an arm joint near disk. d. Arm spines of 
one side of an arm joint near the extremity fathoms (Crank). Off 


Port Arari; 400-726 
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fathoms (Cnimk). Off Kii; 244—019 fathoms (Cramx). Off southern 
Hokkaidó; 175-349 fathoms (Crank). Off Korea, Sea of Japan; 
163 fathoms (Crank) Sea of Japan; 59-428 fathoms (Crank). 
Gulf of Tartary; 318 fathoms (Cranx). Off Saghalin; 21-32 
fathoms (Crank). Okhotsk Sea; 64-100 fathoms (Crank). Yezo 
Strait; 86 fathoms (Crank) Off Simushir Is; 229 fathoms 
(CLARK). 
Bering Sea. Alaska. Kamchatka. 


Ophiopholis brachyactis CLARK. 


Ophiopholis brachyactis : Crark, Bull. U.S. Nat. Mus., LXXV, 1911, p. 
ie, fe, | 

Numerous specimens; off Misaki. Numerous specimens; off 
Uki-shima, Uraga Channel. One specimen, attached to Synallactes 
ishikawai Μττουκυτι; Albatross station 5092. 

Off Ando Zaki; 79 fathoms (Crank). Off Kii; 191 fathoms 
(Crark). Uraga Channel; 88-197 fathoms (Crank). Off Manazuru 
Zaki, Sagami Sea; 153 fathoms (Cuarx), Suruga Gulf; 105-181 
fathoms (Crank). Eastern Sea; 103-361 fathoms (Crank). 

The largest of these specimens is 11 mm. in the disk diameter 
and 66 mm. in the arm length; a medium-sized one is 9mm. in 
the disk diameter and 34 mm. in the arm length; and the smallest 
4mm. in the disk diameter and 15 mm. in the arm length. Thus, 
the arms are in none of my specimens so short as Crank states, and 
indeed in the first specimen, they are about six times as long as 
the disk diameter. It appears to me that this species almost 
passes on into O. aculeata var. japonica. Some specimens of the 
latter, especially of Misaki and vicinity, frequently lack the disk 
spines and are less granulated on the disk, so that they look 
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almost exactly lke ©. 
brachyactis, so far as the 
disk is concerned ; others 
again have very short 
and -stout arm spines 
like those of the typical 
brachyactis, while the 
supplementary plates on 
the sides of the dorsal 
arm plates are like those 
of the typical japonica. 
In the neighbourhood of 
Misaki, the northern 
japonica and the southern 


brachyactis occur side by 





side, and it is very 


Fig. 42. Ophiopholis brachyactis. x8. a. From above. possible that natural 


b. From, below. c. Arm spines of one side of an arm hybridisation may occur. 
joint near disk. d. Arm spines of one side of an arm à . 
joint near the extremity, Both these Species are 


found clinging to gorgo- 
naceans and hexactinellids, and are very often found together on 
the same piece of those animals. 


Revision of the genera of Amphiurine. 


The forms which I now bring together under the Amphiurine, 
have hitherto been referred to several genera chiefly on the ground 
of the character of the disk coverings, such as the presence or 
absence of scales, complete or localised squamation, the presence 
or absence of disk spines, &c. But I believe that, such a classi- 
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fication is very superficial, being based upon characters of merely 
secondary importance, as may be seen at once on looking over the 
whole series of this subfamily. The creation of Hemilepis and 
Ophiopeltis by Usuxeman and of Ophionephthys by LüTKEN; the 
referring of those species which I now place in Amphiactis, to 
Amphiura by Lyman; the referring of those genera which I now 
place in the Ophiochitonide, to the Amphiuride by many authors; 
the referring of a genuine Amphiura to Hemipholis by DUNCAN, 
&c. are, in my opinion, some of the more notable errors which 
have arisen from this superficial classification. 

VERRILL has divided Amphiura and Ophiocnida in a wide sense 
respectively into five and three distinct genera by the character 
of the oral papille. I am obliged to adopt his subdivisions as a 
principle, because I believe that, it is scarcely possible otherwise 
to elucidate the interrelationships of the genera of the Amphiurine. 
We see that, in almost all the genera of the present subfamily, 
the oral papille are quite similar in form and arrangement to . 
those of any one of VeERRILL’s subdivisions of Amphiura in a wide 
sense. Thus, Ophionephthys, Ophionema, Paramphiura, Ophiocentrus, 
and VERRILL’s Amphiocnida correspond in the character mentioned 
to Amphiura in VELRILL's sense; Ophiophragnius, as well as Ophio- 
cnida in VERRILL’S sense, to VrmuLUs Amphiodia; Ophiostigma to 
Amphipholis in VERRILL’S sense; and Vernitiy’s Amphilimna to 
VEnmmLL's Amphioplus. I look upon these relations to be of 
primary importance, being evidently more fundamental than the 
characters of the disk coverings. 

Granting this, I believe there are two ways open for us; one 
would be to unite most genera of the present subfamily into a 
single genus, and the other to subdivide Amphiura and Ophiocnida 


iu a wide sense into many genera. The first way appears to me 
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to be less adapted to the purpose of bringing out the interrelation- 
ships of the different subdivisions of this subfamily, which is very 
extensive and very rich in species and species groups. Therefore, 
I am obliged to adopt the second way. 

We may also ask if Vrnnu.r's subdivisions of Amphiura 
s. ext. are sharply distinguishable from one another or not. My 
answer is affirmative. Unfortunately, Amphiura s. str. and 
Amphiodia, or Amphiodia and Amphioplus are frequently confused 
by certain authors. My method of distinguishing them from each 
other is as follows. 

I distinguish three groups of oral papillae in the present 
subfamily : the first group is infradental, arising from the dental 
plate”; the second arises from the oral plate; the third arises from 
the adoral shield. When a papilla arises partly from the oral 
plate and partly from the adoral shicld, it is referred to the 
second group. Now, let +I denote the presence of the first 
group, —I its absence, +II the presence of the second group, &c. 
Then, the oral papillae of Ὑππππας subdivisions of Amphiura s. 
ext. may be shown by formule as follows. 

Amphioplus-group: +I J-II 4-IIT. 

Amphiodia-group : +I +I — III. 

Amphipholis-group : -+I -+I —IIL? 

Amphiura-group : J-I—IIJ-III, or rarely +1 4-II ΠΠ. 

In both the Amphioplus- and Amphiura-group, there is present 
an additional papilla just outside and above the infradental one, 
so that the latter is not the highest in position of all the papilla. 


1) The infradental papille arise from the oral plates, notwithstanding its intimate relation 
to the dental plate in the adult (H. L, Cranx: Growth-changes in Brittle Stars; Publication No. 
182 of the Carnegie Inst., Washington, 1911.). 

2) The outermost oral papilla of the Amphipholis-group arises from the adoral shield, not- 
withstanding its partial relation to thel ora plate in the adult (Cramx: loc. cit.). 
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In both the Amphiodia- and Amphipholis-group, on the contrary, 
such an additional papila is entirely absent, and the infradental 
one is the highest in position. In the Amphioplus-group, all the 
three groups of oral papille are well developed and form a 
continuous row, while in the Amphiura-group, the second group 
of oral papille is entirely,—or mostly, as in certain species of 
Amphiura,—absent. In the Amphiodia- and Amphipholis-group, the 
third group of oral papille is absent, the two subdivisions being 
distinguished by the different development of the outermost oral 
papilla. 

It must be clear from the above exposition, that the Amphiodia- 
group is not intermediate between the Amphioplus- and Amphiura- 
group, but the latter are directly interrelated without the intermedia- 
tion of the first. In my opinion, those species of Amphiura s. str. 
with two distal oral papille on either side are rather intermediate 
between Amphiura with a single distal papilla and Amphioplus, 
instead of being intermediate between the former and Amphiodia. 

My division of the Amphiurine into four groups almost coin- 
cides with VERRILL’s subdivision of Amphiura s. ext., but not with 
Καπτεπα. Most species of Kanrem's Amphiodia (e.g. those in 
Res. Siboga Exp), as well as Amphiodia, digitula Cr^nx, 1911, 
appear to me not to be genuine Amphiodia, but to be Amphiura 
having however two distal oral papille, of which at least the 
outermost one arises from the adoral shield. 


Key to genera of A4mphiwurinc. 


I. Amphioplus-group :— Oral papille +1 +O +I, four or five on either 


side, forming a continuous row, so that the oral slits are more or 
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less perfectly closed; an additional papilla present just outside and 
above the infradentil one. 
a—Disk entirely free of spines. 
b—Outermost oral papilla small and not operculiform; radial shields 
[ποοεπονν....... ocd  ο ace od Esas Amphioplus. 
bb—Ontermost oral papilla very large and operculiform; radial shields 
Πω ο ου ess periectly joined. ocene ΡΟΗ Amphichilus. 
aa—Disk beset with scattered spines. 
c—Oral papille close-set, the outermost one being not very long and 
spiniform but short and flat; radial shields divergent; three to five 
arm spines; tentacle scales short, flat, leaf-like...... Amphiacantha, 
cc—Oral papille well spaced and conical, the outermost one being very 
long and spiniform; radial shields perfectly joined; six to ten arm 
spines; two spiniform tentacle scales, of which the adradial one is 
μοι εἰσπήο.... "ΟΡ Amphilimna. 
H—Amphiodia-group :—Oral papilæ --I--1I —IIL, three or four on 
either side, subequal, forming a continuous row, so that the oral 
slits axe more or less perfectly closed; no additional papilla just 
outside and above the infradental one. 
d—Disk free of spines and granules. 
e—Disk soft, without special marginal scales or spines; radial shields 
ud LV TOE b ο ο ο EORUM Amphiodia. 
ee—Disk solid, with a row of special marginal scales or spines, so that 
the boundary between the dorsal and ventral sides of the disk is 
very sharp; radial shields perfectly joined ........ Ophiophragmus. 
dd—Disk with numerous scattered spines or granules ...... Ophiocnida. 
W1—Amphipholis-group :— Oral papile +I 4-II — III, three on either 
side, the outermost one being very large and operculiform ; oral slits 
perfectly closed; no additional papilla just outside and above the 
infradental one. 
J—Disk entirely free of βρίπθβ........................ Amphipholis. 
Jf—Disk with scattered spines or granules .............. Ophiostigma. 


IV—Amplhiura-group :—Oral papille +I —II «ΤΠ or sometimes +I 
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+I ΠΠ, two or three on either side, discontinuous, the infradental 
and distal ones being separated from each other by a wide interval ; 
oral slits gaping; an additional papilla present just outside and 
above the infradental one; radial shields divergent or separated 
from each other. 

g—Disk entirely free of spines. 

A—No supplementary plates between the oral plates and the adoral 
shields. 

i—Oral shields not very stout, not in contact with the first lateral 
arm plates. 

J—Disk entirely or partially covered with fine scales; radial shields 
not very narrow ancl bar-like ........................ Amphiura. 

Jj—Disk entirely covered by a smooth naked skin; radial shields 
ecedine ymar venna oar lile ο -----....... Ophionema. 

u—Oral shields very stout, in contact with the first lateral arm plates ; 
two distal oral papillæ, of which the outer one is small and 
spiniform, while the inner one is very large and flat; ten arm 
SjubmGS AE rec c ο ας Ea a Clenamphiura: 

AÀh—Ywo supplementary plates present between the oral plates and the 
adoral shields of each interradius .................. Paramphiura. 


gg—Disk beset with numerous spines .................. Ophiocentrus. 


Key to Japanese species of Amphioplus. 


A—Two tentacle scales to each pore. 

«a—Three arm spines. 

b—Tentacle scales unusually large, nearly closing the large pores; 
ventral arm plates much wider than long; disk unknown 
cbussenodE UMP TR RT DE T ENDO CES megapomus. 

bb—Tentacle scales small, not closing the large pores; ventral arm 
plates longer than wide; radial shields slender, partly joined in 
μα ο ena awa QUOD one RS ITUR UL rhadinobrachius. 


aa—Four or more arm spines. 
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c—Four or five arm spines, of which the second lowermost is hook-shaped 
at the tip and microscopically serrate along the concave side; radial 
shields small, divergent; outer end of each genital plate bearing, 
just distally to the radial shleld, a small projection, which is 
microscopically thorny at the ΠΡ...................... ancistrotus. 
cc—Six arm spines, one or more middle ones terminating with a 
minute, glassy cross-bar; upper arm plates hexagonal, twice as wide 
msi lomes πο millenayan ντο πο... hexacanthus. 
AA—Single tentacle scale to each pore. 
d—Three arm spines, of which the uppermost one is the longest and 
the lowest one the shortest; disk scales rather coarse, with very 
distinct six primaries ; radial shields very large and wide, divergent; 
oral shields very small, triangular; ventral arm plates hexagonal, in 
contact with each other for a short extent; tentacle scales large and 
ΜΠ POOR ICT T cernunus 
dd—Four or five arm spines. 
e—Four arm spines, of which the uppermost and the lowest ones are 
longer than the middle two; disk scales fine; radial shields slender, 
partly joined in pairs; interbrachial ventral surfaces covered by a 
naked skin; oral shields small, rhomboidal; ventral arm plates 
quadrangular, widely in contact with each other; tentacle scales 
gional! aun) crescenti e a TTE glaucus.. 
ee—Five arm spines, of which the lowest one is the longest; disk 
scales fine; radial shields long and rather narrow, divergent; oral 
shields large, pentagonal, much wider than long; ventral arm 
plates quadrangular, much wider than long, widely in contact with 


each other; tentacle scales small and oval.............. macraspis. 


Amphioplus megapomus CLARK. 
Amphioplus megapomus: CLARK, Bull. U.S. Nat. Mus, ΓΧΧΥ, 1911, 


jgo ΙΟ 
Off Kii, Kitan Channel; 37 fathoms (Ολα). 
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Amphioplus rhadinobrachius CLARK. 

Ampliura sp: LürkEN & MonrENSEN, Mem. Mus. Comp. Zool, XXIIT, 
1899, p. 158, Pl. XIII, figs. 1-3. 

Amphioplus rhadinobrachius: COragk, Bull. U.S. Nat. Mus, LXXV 
Πως ο, Που πο 74: 

Numerous specimens; Okinosó (a submarine bank), Sagami 
Sea; 85 fathoms. 

Sagami Sea; 360—405 fathoms (Craxx). Suruga Gulf; 282- 
503 fathoms (Crank). 

In the larger specimens, the interbrachial ventral surfaces are 
almost naked, though in the smaller ones they are distinctly 
squamated, as shown in Crank's figure. Ltrxen & MonrENSEN's 
species, which was not named because the disk was wanting, 
agrees very well with the present species. Many of my specimens 
also lack the whole dorsal side of the disk. 


Amph ioptus ancistrotus (CLARK). 

Amphiodia ancistrota: CLARK, Bull. U.S. Nat. Mus, LXXY, 1911, p. 
161, fig. 69. 

Numerous specimens; Okinosó (a submarine bank), Sagami 
Sea; 85 fathoms. Two specimens; Yahagi-gaké, off Misaki, Sagami 
Sea; 310 fathoms. : 

Uraga Channel; 70-197 fathoms (Cranx). Off Manazuru Zaki, 
Sagami Sea; 153 fathoms (Crank) Off Osé Zaki, Suruga Gulf; 
45-65 fathoms (Crank) Off Kii, Kitan Channel; 191 fathoms 
(Crank). Sea of Japan; 61 fathoms (Cramx). 

In my specimens, the radial shields are narrower and less 
divergent than in Crarx’s type. The oral shields are rhomboidal 
and longer than wide, but variable. On either side of the oral 
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a. From 
ο, Ventral 
d, Arm spines 


Fig. 43. Amphioplus ancistrotus, 
above. x 8. b. From below. x8. 
view of an oral angle. x16. 
of one side of an arm joint near disk. x 16. 
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angle, there are usually four 
oral papilla, of which the outer- 
most one arises from the adoral 
shield ; besides, there occurs an 
additional papilla, placed above 
the level of the ordinary papille, 
but 


between the infradental and the 


visible from below just 


next papilla. In some speci- 
mens, there are five ordinary 
and one additional papille, of 
which the outermost two arise 
from the adoral shield (fig. ¢). 
Thus, the mouth parts of the 
the 


characters of Amphioplus, and 


present species present 


not of Amphiodia. 


Amphioplus hexacanthus CLARK. 


Amphioplus hexacanthus : Cruarx, Bul. U.S. Nat. Mus., LXXV, 1911, 


p. 70. 


Uraga Channel; 88 fathoms (Crank). 
Off California ; 50 fathoms (Οκ). 


Amphioplus cernuus (LYMAN). 


Amphiura cernua: LYMAN, Bull. Mus, Comp. Zool, VI, Pt. 2, 


1879, p. 


28, Pl. XII, figs. 323-325; Lymax, Rep. Challenger, V, 1882, P. 138, Pl. 


XVII, figs. 13-15. 
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Amphioplus cernua: VERTILL, Transact. Connecticut Acad. X, 1899, 
p. 915. 
Eastwards from Honshü; 2,500 fathoms (Lyman). 


Amphioplus glaucus (LYMAN). 

Amphiura glauca: Lyman, Bull. Mus. Comp. Zool, VI, Pt. 2, 1879, 
p. 29, Pl. XII, figs. 226-328; Lyman, Rep. Challenger, V, 1882, p. 139, 
Di XVIII, figs. 1-3. 

Amphioplus glauca: VERRILL, Transact. Connecticut Acad., X, 1899, p. 
915. 

Sagami Sea; 345 fathoms (Lymay). Yenshü Sea; 420 fathoms 
(Limax). 


Amphioplus macraspis (CLARK). 

Amphiodia macraspis: Cian, Bull. U.S. Nat. Mus, LXXV, 1911, p. 
157, fig. 66. 

Numerous specimens ; Ôtaba, Sagami Sea; 500 fathoms. 

Off Honshü; 501-749 fathoms (Cranx) Suruga Gulf; 60- 
270 fathoms (Crink) Sagami Sea; 622 fathoms (Crank). Off 
Korea; 184 fathoms (Crank). Gulf of Tartary; 918 fathoms 
(CLARK). 

Off Washington; 115 fathoms (Crank). 

In the larger specimens, the radial shields are rather narrower 
and the ventral arm plates comparatively wider. As far as I 
have observed, there is present in all eases a single tentacle 
scale to each pore. The oral papille are very variable. There 
are present usually four genuine oral papille on either side, 
besides an additional one, whieh oceurs just between the infradental 


and the distal papilla. The additional papilla is smaller and 
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acuter than the ordinary ones; 
and is sometimes placed at a 
higher level than the distal 
oral papille (fig. d), but very 
often forms a continuous series 
with the latter (fig. a). Some- 
times, there occur only two 
genuine distal papille (fig. c), 
besides the comparatively large 





additional one. The outer- 


Fig. 44. Amphioplus macraspis. x9, «a. From most papilla is very small, 
below. b. Side view of three arm joints near 
disk. c. Ventral view of an oral angle. d. 


Ditto. imperceptible; the next is the 


often so small as to be almost 


largest of all. These two arise 
from the adoral shield. Sometimes, a single (fig. a) or paired 
(fig. d.) very small additional infradental papille are present, just 
above and between the pair of the ordinary ones. 

As already mentioned, Amphiodia does not stand intermediate 
between Amphiura and Amphioplus, but the last two genera are 
directly related to each other. In my opinion, the species of 
Amphiura with two distal oral papille on either side, such as A. 
anomala Lyman, A. crassa ΙΚαΠΙΕΠ, A. servata KEHLER, A. grata 
KEHLER, A. reposita Kanter, A. koree Duncan, A. assimilis LÜT- 
KEN & Mortensen, A. digitula (Crank), &e. are Amphioplus-like 
Amphiura, while the present species is a representative of Amphiura- 
like Amphioplus. The oral angle shown in fig.c more or less 


reminds us of that of an Amphiura. 
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Amphichilus, g. nov. 


Disk covered with fine, imbricating scales. Radial shields 
small, narrow, usually joined in pairs. One apical and two distal 
pairs of oral papille to cach oral angle; the apical pair are 
infradental, arising from the dental plate; the inner pair of the 
distal ones arise from the oral plate; the outermost pair are very 
large, wide, opereuliform, arising from the adoral shield. Besides, 
an additional papilla occurs just above and between the apical 
and inner distal papille, so that the oral slits are perfectly closed. 
Arms long, slender, flattened, inserted ventrally to the disk, only 
horizontally flexible. Three arm spines. One or two tentacle 
scales to each pore. 

This new genus includes Amphiura dalea Lyman, 1874, and A. 
intermedia Kanter, 1905, besides the genotype, Amphichilus 
trichotdes, nov. 

Amphichilus differs from Amphioplus in the presence of only 
three genuine oral papille, besides an additional one, on either 
side of each oral angle; in the very large and operculiform outer- 
most oral papilla; and in the usually joined radial shields. It 
differs from Amphipholis in the discontinuous arrangement of the 
genuine oral papille, and in the presence of the additional oral 
papilla, which fills up the space between the apical and inner 
distal papillee. 


Amphichilus trichoides, sp. nov. 


One specimen; locality unknown, perhaps Sagami Sea. 
Diameter of disk 6 mm. Length of arms 60mm. Width of 
arms at base 0.5 mm. 


Disk eireular, rather convex dorsally, covered with very fine, 
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imbrieating scales, whieh are finer outwards and along the sides 
of the radial shields. Primary plates indistinct. Radial shields 
long and narrow, aeutely pointed within, about one-fifth as long as 
the disk diameter, meeting with each other for nearly their whole 
length but parted at 
the proximal end. 
Interbraehial ventral 
surfaces eovered also 
with imbrieating 
seales, which are 
somewhat finer than 
those of the dorsal 
surface. Genital slits 
long. 

Oral shields 
ovate, or rather 
triangular with per- 
feetly rounded 
angles, lateral sides 
quite and outer side 
strongly convex ; 
much longer than 
wide. Adoral shields 


triangular, tapered 





Fig. 45. Amphichilus trichoides. x20. a. From above. b. 
From below. ο, Side view of three arm joints near disk. 
within to a point, 


where they nearly meet. The apical oral papillae are oval and 
stout. Two distal oral papille on either side; the outer one is 
the largest of all, mueh wider than long, flat, thiek, has eurved 
free edge, and arises from the adoral shield ; the other longer than 
wide, flat, thick, with obtuse end. Besides, there oecur above the 
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level of the ordinary ones between the apical and the next papilla, 
an acute additional papilla, which together with the others closes 
the oral slit. 

Arms long and very slender, flattened. Dorsal arm plates 
triangular, with much rounded angles, inner sides slightly and 
outer side strongly eonvex, wider than long, successive plates 
slightly in contact. Lateral arm plates low, joined on the sides, 
but not meeting above; below, the plates meet slightly beyond 
the basal region of the arms. First ventral arm plate very small, 
pentagonal, longer than wide; those beyond hexagonal, nearly as 
long as wide, slightly wider without than within, suecessive plates 
a little in contact in the basal joints; but more distally, they are 
separated by the lateral plates, and are pentagonal. Three arm 
spines, subequal, about as long as the eorresponding arm joint, 
eonical and obtuse. Two tentacle scales, a larger adradial and 
a smaller abradial forming nearly a right angle. 

Colour in aleohol light yellowish gray. 

This new species differs from A. daleus (ΓΙΑΝ) in the 
narrower and perfectly joined radial shields, in the smaller adoral 
shields, in the shape of the ventral arm plates and in the presence 
of two tentacle scales; and from A. intermedius (να ΠΡ) in the 
shape of the radial and oral shtelds, in the shape of the oral 
papille, especially of the infradental ones, and in the narrower 
arms. The last species appears to be most nearly allied to the 
present. 


Amphiacantha, g. nov. 


Disk covered with fine, imbricating scales, and scattered 


spines. Radial shields usually divergent, sometimes entirely 
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separated from each other. Four or five pairs of oral papille to 
each oral angle, short, close-set; the apical infradental pair arise 
from the dental plate, and the outermost pair from the adoral 
shield. Arms long, slender, flattened, inserted ventrally to the 
disk, only horizontally flexible. Three to six arm spines. One 
or two small, leaf-like tentacle scales. 

This new genus includes Ophiostigma formosa LirxEN, 1872, 
Ophiocnida sexradia Duscas, 1889, Amphiura notacantha LürkEN & 
Mortensen, 1899, A. gastracantha LürkEN & MoxrENsEN, 1899, 
Ophiocnida libera Kener, 1907, O, amphacantha McCrexpoy, 1909, 
Amphilimna pentacantha Crarx, 1911, and Amphiacantha dividua, 
nov., besides the genotype, Amphioplus acanthinus Cram, 1911. 

Amphiacantha is practically Amphioplus with disk spines, and 
differs from <Amphilimna VERRILL (non (Ίλεκ, 1911), in the 
divergent radial shields, in the close-set oral papille, in the not 
very long, but short and flattened outermost oral papilla, in the 
fewer arm spines, and in the not long and spiniform, but short 
and leaf-like tentacle scales. 


Key to Japanese species of Amphiacunthea. 


A—Thiree arm spines; two tentacle scales; radial shields not very small, 
joined or closely set in pairs. 

a—Disk spines very numerous, very short, blunt, present on both the 
dorsal and ventral sides; radial shields joined in pairs; oral shields 
much wider than long; ventral arm plates longer than wide...... 
Ἐν}... 00 000 wo 6 formosa. 

ué—Disk spines not very numerous, very long, slender, acute, present 
only on the dorsal side; radial shields divergent, the pairs being 
in contact only at the outer ends: oral shields much longer than 


wide; ventral arm plates wider than long .............. acanthina. 
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.Li—Four arm spines; single 
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tentacle seale; radial shields very small, 


widely separated from each other; disk spines not very numerous, 


very short, blunt, present only on the dorsal side........ dividua, 


Amphiacanthea formosa (LOTREN). 


Ophiostigna formosa: LUTREN, Oph. Nov. 1872, p. 3, Pl. I-II, figs. 
δα ἃ 5b; ΤΑΝΜΑΝ, Rep. Challenger, V, 1882, p. 166; Kanurr, Bull. Sci. 
Fr. Bele, XXXI, 1898, p. 76; Kenur, Res. Exp. Siboga, XLV, Pt. 2, 


1905, p. 24, Pl. IT, fig. 1. 


Strait of Formosa (LUTKEN). 


Indian Ocean and Malaysian waters. 


As far as I can judge from Ltrken’s description and figures, 


this species is evidently not referable to Ophiostigma, having four 


oral papille, of which the outermost one is very small and rudi- 


mentary, quite as in the next 


species. 


Amphiacantha acanthina 
(CLARK). 


Am e acanthinus: CLARK, 
Will, US πο Mii ENNY, 
1911, p. 168, fig. 75. 

Two specimens; Uraga 
Channel; 140 fathoms. 

Off Tsurugi Saki; 110- 
259 fathoms (Crank). Suruga 
Gulf; 148 fathoms (Crank). 

The disk scales are fine 


and regular in one of the 





Fig. A6. Amphiacantha acanthina. x5. d. 


From above, b. From below. c. Side view 
of three arm joints near disk. 
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specimens, but coarse and irregular in the other. The oral papille 
are usually five on either side, but four in some cf the oral 
angles. The outermost papilla is very small. The disk spines 


are rather more numerous than in Crark’s type. 


Amphiacantha dividata, sp. nov. 


One specimen ; locality unknown, probably Sagami Sea. 

Diameter of disk 3mm. Length of arms 15mm. Width of 
arms at base 0.7 mm. 

Disk subpentagonal, with slightly convex interradial borders, 
covered with very fine, imbricating scales and scattered spines, 
which are very short, conical and obtuse. Radial shields very 
small, subtriangular, with the 
adradial side longest, about 
twice as long as wide. Inter- 
brachial ventral surfaces 
covered also with imbricating 
scales, which are somewhat 
finer than those of the dorsal 
side; without any spines. 
Genital slits long. 

Oral shields oval, or 
rather rhomboidal with round- 
ed angles and convex sides, 
distinctly longer than wide, 


wider without than within. 





Adoral shields triangular, long, 
Fig. 47. .lmphiucantha dividua. x16. a. From 


above, b. From below. ο, Side view of twoarm rather narrow, tapered in- 
joints near disk, 


wards to an acute point, not 
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in contact with eaeh other. Oral plates long and narrow. Six 
oral papille on either side, flat, obtuse, except the outermost one, 
which has pointed inner end. Teeth quadrangular, stout, with 
truncate free end. 

Six arms, of which three are longer and stouter than the 
others. Dorsal arm plates hexagonal, with rounded outer angles, 
slightly longer than wide, widest at the lateral angles, in contact 
with each other. Lateral arm plates low, those of the two sides 
not meeting above or below. First ventral arm plate very small, 
pentagonal, longer than wide. Those beyond hexagonal, with 
coneave lateral and notched outer borders and rounded outer 
angles, slightly longer than wide, widest at the outer angles. 
Four arm spines in the free basal joints, cylindrical, tapered, 
blunt; the second from above which is the longest, is slightly 
longer than the corresponding arm joint, while the lowest one, 
which is the shortest, is slightly shorter than the same. A short 
distanee out from the disk, there are only three arm spines on 
either side of each arm joint, the uppermost being ‘the longest. 
A single large, oval, flat tentacle scale to each pore, except the 
first which has usually two scales. 

Colour in alcohol bluish. 

This new species very much resembles A. sevradia (DUNCAN, 
1889), but differs from it in the fewer and more widely spaced 
disk spines, in the quite distinet disk scales and radial shields, in 
the more numerous oral papille, in the longer and narrower oral 
shields, in the shape of the dorsal and ventral arm plates and in 


the longer arm spines. 
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Key to Japanese species of Amphiodia. 

A—Radial shields fully in contact in pairs; ventral arm plates 
pentagonal, as wide as, or wider than, long; four arm spines; two 
ως sales πι ο ο ee ος B DEC 

AA-—Radial shields divergent, slightly or not at all in contact in pairs; 
ventral arm plates quadrangular, longer than wide; outer two oral 
papille pointed; tentacle scales very rudimentary. 

«—Interbrachial ventral surfaces finely squamated; four or five arm 
spines; one or two rudimentary tentacle scales............ eurcspis. 

«a-—Interbrachial ventral surfaces covered by a naked skin; four or five 


arm spines ; single rudimentary tentacle scale to each pore. .psilochore. 


Amphiodia craterodometa CLARK. 
Amphiodia craterodometa: Crank, Bull. U.S. Nat. Mus, LXXV, 1911 
p. 155, fig. 65. 
Yezo Strait; 533 fathoms (Crank). Okhotsk Sea; 58-69 
fathoms (CLark). Off Saghalin; 21-32 fathoms (Crank). Gulf of 
Tartary ; 318 fathoms (Crank). Off Korea; 116 fathoms (CLARK). 


Alaska (Crank). Bering Sea (Crank). Arctic Ocean (Crank). 


Amphiodia euraspis CLARK. 


Amphiodia curaspis: CLARK, Bull. U.S. Nat. Mus, LXXV, 1911, p. 
158, fig. 67. 

Suruga Gulf; 211—293 fathoms (Crank) Off Korea ; 181—250 
fathoms (CrAnk) Gulf of Tartary : 318 fathoms (Crank). 


Bering Sea (Crank). California (Crank). 


Amphiodia psilochora CLARK. 
Amphiodia psilochora: (πατάς, Bull. U.S. Nat. Mus, LXXV, 1911, p. 
165, fig. 72. 
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Sagami Sea; 22-622 fathoms (Cuark). Off Ose Zaki, Suruga 
Guif; 55-05 fathoms (Crank). Off eastern Japan; 440 fathoms 
(CAN) 


Ophiophragmus japonicus MATSUMOTO. 

Ophiophragmus japonicus: MATSUMOTO, Proc. Acad. Nat. Sei. Philadel- 
phia, 1915, p. το, 

Numerous specimens; off Namami, Kagoshima Bay; 8-15 
fathoms. Two specimens; Enoura, Suruga. Numerous specimens ; 
off Oginohama, Rikuzen ; 10-20 fathoms. 

Diameter of disk 7mm. Length of arms 45mm. Width of 
arms at base 1 mm. 

Disk five-lobed, with very convex interbrachial borders, covered 
with very fine,  imbricating 
scales. Six primary plates more 
or less distinguishable at the 
central region. Radial shields 
semilunar, one-third as long as 
the disk radius, twice as long 
as wide. separated only at the 
proximal end, obtusely pointed 


within. A row of larve and 


M 
ESSN 
CEN S 


squarish marginal scales occurs 


on the disk. The scales of the 





interbrachial ventral surfaces 
just outside the marginal scales A 


are turned up, so as to form a 
E . Fig. 48. Ophiophragmus japonicus. x8. 
sort of fence. The marginal u. From above. Pb. From below. ο, Side 


view of three arm joints near disk. 
scales are more olevated than } 
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the arms, and the interbraehial region of the disk is strongly 
convex below. Genital slits long. 

Oral shields rhomboidal, with the imner sides much longer 
than the outer, with acute inner and rounded lateral and outer 
angles, much longer than wide. Adoral shields triangular, tapered 
within to a point, and not meeting with each other. Four oral 
papillae on either side of the oral angle, close-set, continuous, 
subequal and blunt, the innermost one somewhat stouter. 

Dorsal arm plates oval, large, outer border eurved, inner 
border strongly convex, forming part of a circle; as wide as the 
arms, twice as wide as long, a little in contact with eaeh other. 
Lateral arm plates inserted like so many wedges between the 
successive dorsal plates above and ventral plates below; well 
separated above but closer below. First ventral arm plate very 
small, quadrangular, mueh wider than long. Those beyond 
pentagonal, with very large inner angle and slightly notched outer 


border, wider than long, only a little in contaet with each cther. 


em 
Three arm spines, conieal, subequal, blunt, nearly as long as 
the corresponding arm joint. Two tentacle scales, very flat and 
thin; abradial one smaller than the adradial, and overlapping its 
base. 

Colour in alcohol light yellow. 

This species somewhat resembles O. affinis Duncan, especial- 
ly in the number of the oral papillee, but differs from it in the shape 
of the radial and oral shields and of the dorsal arm plates. In my 
opinion, Amphipholis andrew LUTKEN, 1872, Amphiura prestans Kan- 
LER, 1905, and Amphiodia periercta Crank, 1911, are referable to 
Ophiophragmus, each showing certain affinities to the present species. 
I have observed also m younger specimens of the present species 


that, the marginal disk scales are so prominent as to form a hem-like 
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row of denticles, so that the disk border is serrate, quite as in 


Crank's fig. 68d of O. perierctus. 


Key to Japanese species of Amphipholis. 


A—Radial shields perfectly joined in pairs. 
a—Arms three to four times as long as the disk diameter; dorsal arm 
plates distinctly shorter than the corresponding arm joint, without 
any streak along the median line. 
b—Disk scales thin, rather indistinct from one another, so that the 
smface of the disk is very smooth; radial shields not very wide, 
about two and a half times as long as wide, the united width of 
each pair being nearly equal to the width of the corresponding arm 
base; three arm spines, of which the uppermost one is the longest, 
the lowest one the shortest, and the middle one the stoutest but 
mos dismmediy eom pressed IEEE japonica. 
bb—Disk scales thickened along the free margins, concave, very 
distinct from one another, so that the surface of the disk is not 
very smooth; radial shields very wide, about twice as long as wide, 
the united width of each pair much exceeding the width of the 
corresponding arm base; three, sometimes four, arm spines, of 
which the uppermost one is the longest, and the middle one 
the shortest and stontest and distinctly compressed ........: sobrina. 
aa-—Arm seven to eight times as long as the disk diameter; dorsal arm 
plates as long as the corresponding arm joint, with a distinet white 
Sticakmalon omthemmedicnml mem TT TT pugetana. 
AA—Radial shields divergent, being nearly or entirely separated from 
ench other by a row of scales; three arm spines, of which the 
lowest one is the longest; adradial tentacle scale much larger than 


sno αμα quee ec OEC CT TO PETERE kochit. 
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Amphipholis japonica Marst moro. 

Amphipholis japonica: Marsumoro, Proc. Acad. Nat. Sei. Philadelphia, 
1915, p. 71. 

Numerous specimens; Arai Beach, Misaki Marine Biological 
Station. One specimen; Tomo, Bingo. One specimen; Asami 
Bay, Tsushima. One specimen: Akuné, Satsuma. Several speci- 
mens; Shimabara, Hizen. 

Diameter of disk 3mm. Leneth of arms 12mm. Width of 
arms at base 0.5 mm. 

Disk circular, covered with fine, thm. imbricating scales, 
which are again covered over by a thin skin. so that the surface 
of the disk is very 
smooth. Radial 
shields comparative- 
lv large, pear-secd 
shaped, slightly 
shorter than half the 
disk radius, abont- 
two aul a half 
times as long as 
wide. completely 
joined in pairs, ex- 
cont εξ The η 
inner ends, where 
they are separated 


from each other by 





4 triangular, wedge- 
Fig. 49. Amphipholis japonica. x27. au., From above. shaped seale. Inter- 
b. From below. ο. Side view of two arm joints near " 3 
E brachial ventral sur- 


faces covered also 
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with fine, imbrieating scaies, which are only slightly finer than 
those of the dorsal side. Genital slits long. 

Oral shields rhomboidal, with very acute inner and rounded 
lateral and onter angles, inner sides longer than the outer; longer 
than wide. Adoral shields triangular, long and narrow, wider 
outwards than inwards, meeting with each other within. Three 
oral papillae on either side; the inner two are rounded, while 
the outermost one is very large. wide and operculiform. Teeth 
quadrangular and stout. 

Dorsal arm plates triangular, with rounded angles and convex 
sides, about one and a half times as wide as long, much shorter 
than the corresponding arm joints, so that the successive plates 
are separated from one another. Lateral arm plates rather low, 
distinctly flared outwards, those of the two sides meeting with 
each other both above and below. First ventral arm plate small, 
triangular, with convex outer side, wider than long. Those beyond 
pentagonal, with acute inner angle. outer lateral angles perfectly 
rounded, inner sides straight, lateral sides concave. outer side 
convex ; about as long as, or slightly longer than, wide, widest at 
the inner lateral angles. Three arm spmes, conieal, acute; the 
uppermost one is the longest, slightly shorter than, or hardly as 
long as, the corresponding arm joint; the middle one is the 
stoutest, but not distinctly compressed; the lowest one is the 
shortest. Two small, oval, flat, leaf-like tentacle scales, of which 
the adradial one is slightly larger than the abradial. 

Colour in alcohol white or light yellow. [πι life, the disk is 
light reddish brown. 

I have compared these specimens with those of A. squamata 
(DELLE Cura) from Naples, and found only two trifling differences 


between them. In the Japanese specimens, the arms are three to 


188 ART. 2.—H. MATSUMOTO : 


four times as long as the disk diameter and the ventral arm 
plates have a convex outer border and rounded outer lateral angles, 
while in the Neapolitan specimens, the arms are two and a half to 
three times as long as the disk diameter and the ventral arm 
plates have straight outer border and not rounded outer lateral 
angles. The difference in the arm length may not be very 
important in the question of the distinctness of the two species, 
because in A. squamata the arms are said to vary from two and a 
half to four and a half times as long as the disk diameter. I there- 
fore look upon the difference in shape of the ventral arm plates as the 
only distinetive character of the present species as compared with 
A. squamata. In the shape of the ventral arm plates, the present 
species much resembles A. australiana Crark, but differs from it 
in the more numerous disk scales of the dorsal side and coarser 
disk scales of the ventral side. The radial shields have cach a 
white spot at the outer end, as in A. squamata. 

The present species is common in the neighbourhood of Misaki 
and is found living under stones in fine sand. As to its sensitive- 
ness to the coarseness of the sand, I made the following observa- 
tions at Arai Beach. In the summer of 1910, there were at first 
among the rocks numerous spots covered with fine sand, and this 
species was found very abundantly; but after a tempest, it was 
reduced to small numbers, owing to the fact that the spots with 
fine sand became very scanty. In the summer of 1911, spots with 
fine sand were very scanty, and this species was also few. In 
the summer of 1912, the beach was entirely covered with coarse 
sand, and the species could not be found any longer. This 
ophiuran is very quick in motion, and can instantly conceal itself 
in the sand, when the stone is turned up. 


The present species is undoubtedly viviparous like A. squamata. 
Í Į y 1 
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In summer, the larger individuals contain several embryos. I 
have once dissected out six embryos from a single adult. Animals 
containing full grown embryos appear to give birth to them the 


night after they are placed in an aquarium. 


Amphipholis sobrie, sp. nov. 


Numerous specimens; Mera-out-Oisegaké, Sagami Sea; 300 
fathoms. Five specimens ; Sengendzuka- Aoyamadashi, Sagami Sea ; 
85 fathoms. Three specimens; off Oshima, Sagami Sea; 75-85 
fathoms. 

Diameter of disk 3mm. Length of arms 10 mm. Width of 
arms at base 0.6 mm. 

Disk subpentagonal, covered with imbricating scales, which 
are rather fine, thickened along 
the free margins, concave. very 
distinct from one another and 
coarser inwards than outwards. 
Six primaries rather distinct, 
larger than the other scales, 
separated from one another. 
tadial shields large, pear-seed 
shaped, slightly shorter than 
half the disk radius, about twice 
as long as wide, completely 
joined in pairs, except at the 


very inner ends, where they 





are separated from each other 


Fig. 50. Amphipholis sobrina. x20. a. From 


by a triangular, wedge-shaped above, b. From below. ο Lateral view of 
three arm joints near disk, 


scale ; the united width of each 
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pair distinctly exceeds the width of the corresponding arm base. 
Interbrachial ventral surfaces covered also with imbricating scales, 
which are much finer than those of the dorsal side. Genital slits 
long. 

Oral shields rhomboidal, with acute inner and rounded lateral 
and outer angles, inner sides longer than the outer; slightly longer 
than, or nearly as long as, wide. Adoral shields triangular, long, 
tapered inwards, meeting with each other within. Three oral 
papille on «either side, the inner two are rounded, and the outer- 
most one is very large, wide and operculiform. Teeth quad- 
rangular and stout. 

Dorsal arm plates triangular, with rounded outer lateral 
angles and convex outer side, one and a half times as wide as 
long, shorter than the corresponding arm joint, so that the succes- 
sive plates are not in contact with each other. Lateral arm plates 
low, flared ontwards, those of the two sides slightly meeting with 
each other both above and below. First ventral arm plate 
exceedingly small, pentagonal, longer than wide. Those beyond 
pentagonal, with rounded outer lateral angles and convex outer 
side, wider than Jong, widest at the inner lateral angles, not in 
contact with each other, except the first two or three plates. 
Three, or sometimes four, arm spines, of which the uppermost is 
usually the longest, and the middle one is the shortest and 
stoutest and is distinctly compressed at the base. Two very 
small, oval, flat, leaf-like tentacle scales, of which the adradial 
one is slightly larger than the abradial. 

Colour in aleohol: white or yellow, except the dorsal side of 
the disk, which is light bluish; radial shields with a white spot 
at the outer end, as in A. squamata and A. japonica. 


The present species is very near to A. japonica, but differs 
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from it in the coarser and more distmct disk scales, in the much 
larger radial shields. m the wider ventral arm plates and in the 
middle arm spines being the shortest and distinctly compressed at 
the base. 

The specimens from Mera-out-Oisegaké have stouter arms 
than those from Sengendzuka-Aoyamadashi and from off Oshima. 
This diflerenee may probably be due to bathymetrical factor. I 
regard the specimens from Mera-out-Oisegaké as the type of the 


present species. 


Antiphiphotis pugetana (LYMAN). 

Amphiura pugdtana: LiYMAN, Proc. Boston Soc. Nat. Hist, VII, 1860, 
p. 1995; Lywaw, IH. Cat. Mus. Comp. Zool, I, 1865, p. 125; Lxwaw, Rep. 
Challeuger, V, 1882, p. 145; Karen, Bull. Sci. Fr. Bele, XLI, 1907, 
p. 805. 

Amphipholis pugetana : VERRILL, Trans. Conn. Acad., X, 1899, p. 312; 
McCrENXDON, Univ. California Publ. Zool, VI, 1909, p. 49, Pl. II, figs. 12 
& 18; (πανε, Bull. U.S. Nat. Mus, LXXV, 1911, p. 166, fies. 73. 

One specimen (belonging to Mr. R. Sarró, Imperial Museum at 
Uyeno, Tokyo); omori Bay. Four specimens (belonging to Mr. 
Sasakt, Coll. Agricult., Sapporo); Oshoro, near Otarunai, Hokkaido. 
One specimen (belonging to Mr. I. Asaxo, Imperial Bureau of 
Fishery); off Kitami: 60 fathoms. 

Puget Sound. California. Washington. Alaska. 

The largest one of these specimens measures - mm. across 
the disk and 28 mm. in the arm length. In the larger specimens, 
the disk scales are very fine and exceedingly numerous, and the 


primary plates are indistinguishable; while in the smaller speci- 


1) This paper was not seen by me. 
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mens, the disk seales are com- 
paratively coarse and the primary 
plates very distinct. The arms 
are long and very slender, being 
widest at about one-fourth the 
entire length from the base. The 
dorsal arm plates are nearly as 
wide as the corresponding arm 
joints, and about one and a half 


times as wide as long. The 





ventral arm plates are slightly 
Fig. 51. Amphipholis pugetana. x12. a. wider than long and have a 


From above. b. From below c. Side — notched outer border. The dorsal, 
view of three arm joints near disk. 
as well as the ventral, arm plates 
are not in direct contact with one another, being slightly separated 
by wedge-like prolongations of the lateral arm plates, except the 
first two ventral arm plates, which are joined to each other. The 
colour in alcohol well agrees with Lyway’s description, but the 
arms are irregularly banded with grayish shade. 

I am informed by Mr. Sasaxı that the animals are found 
attached to the rhizomes of Zostera marina. It is interesting to 
find this species oceurring in the northern waters of Japan, since 
it has been known only from the eastern coast of the North 
Pacific. l 


Amphipholis kochii LÜTKEN. 


Amphipholis kochii: Litxex, Oph. Nov., 1872, p. 10, Pl. I & IL fig. 6. 
Amphiura kochii : Lyman, Rep. Challenger, V, 1882, p. 146. 
Numerous specimens; Arai Beach, Misaki Biological Station. 
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Numerous specimens; Misaki. One specimen (belonging to Mr. R. 
 Sarró, Imperial Museum at Uyeno, Tokyo); Aomori Bay. 

Uladiwostock (LÜrkEN). 

This species is very variable. The disk scales are often 
coarse and very irregular. The primary plates are sometimes 
visible. The oral shields are rhomboidal, with the inner sides 
longer than the outer, and longer than wide; so that in LÜTKEN's 
fig. 6b, the upper right one is most natural. The ratio of the 


arm length to the disk diameter is greater in smaller specimens ; 





Fig. 52. .tmphipholis kochii, a, From above. x8. b, From below. x8. ο, Side view of 
two arm joints near disk x8. d. From above. x6. e. From below. x6. f. Side view of 
three arm joints near disk. x6. 


so that the size contrast of tho arms is not so striking between 
two specimens, one of which is 4 mm. and the other is 7 mm. 
across the disk. In the smaller specimens the disk is flat, sub- 
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pentagonal, with nearly straight interbrachial borders; while in the 
larger ones the disk is swollen and the interbrachial regions bulge 
out more markedly. The radial shields do not take part in this 
.bulging process, and are consequently deeply sunken, while their 
distance from the centre of the disk is not much greater than in 
the smaller specimens. The radial shields are distinctly separated 
in the smaller specimens, but more or less meet with each other 
in the larger ones. The colour in alcohol, as in life, is also 
variable. Some specimens are gray or yellowish gray, and spotted 
on the arms with dark gray; others are dull yellow, with some 
disk scales gray; the radial shields are usually light yellow, 
hemmed with dark gray. Specimens with coarse and irregular 
disk scales are darker in colour. 


Amphiura (Fonrrs, 1842) VERRIL, 1899. 
Syn. Ophionephthys Τιῦτκεν, 1869. 


I look upon Ophionephthys LorkEN as a synonym of Amphiura 
s. str. The reduction of the disk scales which is a characteristic 
of Ophionephthys is also observed in Amphiura acrystata, as well as 
in some Amphiura formerly referred to Hemilepis, while the 
absence of the tentacle scales is characteristic of certain Amphiura 
formerly referred to Ophiopeltis. There is not a single character 
by which Ophionephthys can be satisfactorily distinguished from 
Amphiura. 


Key to Japanese species of Amphiura. 


A—Tentacle scales present. 


a—Two tentacle scales to each pore. 
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b—Two, or sometimes three, distal oral papillo on either side, 


besides an additional one, which lies deep within the oral slit. 


c—Three arm spines, subequal, or the middle one slightly longer than 
the other two; disk distinctly squamated both above and below, 
with very prominent primaries; radial shields large, rather wide, 
each pair being separated from each other by a row of usually 
three large scales; ventral arm plates wider than long .. ... .korce. 

co—Four arm spines, of which the lowest one is the longest and 
the third from below the shortest; disk distinctly squamated above, 
but covered with fine granule-like scales below ; the primaries are 
indistinet in larger specimens; radial shields long and very narrow, 
slightly divergent; outer end of each genital plate, just distal to 
the radial shield, bearing a projection, which is thorny at the tip; 
ventral arm plates longer than wide ........ con SA E digitula. 

4b-—Single distal oral papilla on either side, besides an additional one, 
which lies more or less deep within the oral slit. 

d—Four arm spines. 

e—Disk squamated both above and below. 


f—Disk scales very fine and thin; radial shields long and narrow, 
about thrice as long as wide, separated from each other; adoral 
shields not meeting with each other; arm spines subeqaul ... bellis. 


j—Disk scales rather coarse and thick, some of them projecting like a 
hemisphere, so that the surface of the disk is very rough; radial 
shields not very long, about twice as long as wide, separated from 
each other; adoral shields meeting with each other in the inter- 


radial line; the uppermost and the lowest arm spines distinctly 


longer than the middle two, ......... dep OR EM EE . .trachydisca, 


ee—Disk squamated above, but naked below ; radial shiells partially 
joined in pairs; adoral shields meeting with each other in the 
interradial line; middle two of the four arm spines stouter and 


blunter than the uppermost and lowest ...... IL COIS Cts: 


dd—Five to seven arm spines; disk naked at least below. 
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g—Disk rather thick, distinctly squamated above; radial shields short ; 
lower arm spines spur-shaped and rough at the tip ........ euopla. 

gg—Disk very thin, mostly naked, the scales persisting only around the 
radial shields, which are long and rather narrow; arm spines 
(ος ion aroei μα ο ο ο οοαβραεσώσθοοξα ρε acrystata. 

aq—Single tentacle scale to each pore. 

h—Three arm spines. 

i—Disk distinetly squamated both above and below. 

j—-Disk scales rather fine; radial shields very wide, widest near the 
inner end; oral shields rounded, longer than wide; adoral shields 
widely separated from each other in the interradial line; dorsal 
arm plates separated from one another by the lateral arm plates; 
ventral arm plates pentagonal, longer than wide, only slightly in 
contact with one another; arm spines subequal ............ acacia. 

jj—Disk scales coarse; radial shields not very wide, wider outwards 
oral shields oval, much wider than long; adoral shields widely 
meeting with each other in the interradial line; dorsal arm plates 
widely in contact with one another; ventral arm plates hexagonal 
or heptagonal, widely in contact with one another; middle arm 
spine longer than the other two...................--- pycnostoma. 

w#i—Interbrachial ventral surfaces naked; radial shields long and 
narrow; oral shields rounded pentagonal, wider than long; adoral 
shields not meeting with each other in the interradial line; distal 
oral papilla long and spiniform; dorsal, as well as ventral, arm 
plates slightly in contact with one another; arm spines subequal. . 
pou EM Sih o SORE EOS Gens 660608 earchara. 

hk—Four to seven arm spines. 

k—Your or five arm spines, of which the lowest is the longest and 
the third from below the shortest. 

i—Four, rarely five, conical arm spines, of which the maximum length 
docs not exceed twice the corresponding arm joint; disk scales ill- 
defined, not distinctly imbricated, but pavement-like; radial shields 


very long and narrow, bar-like; oral shields large, much wider than 
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long; distal oral papilla not much larger than the apical papilla 
and tentacle scales, rather thick; dorsal arm plates very convex in 


longitudinal section; ventral arm plates not keeled............ iris. 


ll—Five flattened arm spines, of which the maximum length is about 
thrice the corresponding arm joint; disk scales distinctly imbricated ; 
radial shields not very long, pear-seed shaped; oral shields small, 
nearly as long as wide; distal oral papilla much larger than the 
apical papilla and tentacle scales, very flat and thin; dorsal arm 
plates rather straight in longitudinal section; ventral arm plates 
ὑπ δὶ πο Κβο” - ον ορ. tridoides. 

kk—Six or seven arm spines. 

m—Six arm spines, of which the third or fourth from above is the 
longest; radial shields long and narrow; oral shields diamond- 
shaped, about as long as wide; distal oral papilla subspinous, 


Ιον ΙΙΙ ΕΙ οποιο οσο ETT TN -- lütkeni. 


mm —Six or seven arm spines, of which the lowest one is the longest; 
radial shields extremely small, short and narrow; oral shields oval, 
about as long as wide; distal papilla very large, fan-shaped, flat.. 

E dii TEES EE ο ο ο UE 

AA—Tentacle scales absent; disk mostly naked, the disk scales persist- 

ing only around the radial shields; numerous arm spines, of which 


the lower ones are rough at the tip. 


n —Five to seven arm spines; dorsal and ventral arm plates wider 


than long. 


o—Five arm spines near disk, but four more distally; dorsal arm 
plates very large and wide even at the arm bases; arms twelve or 
thirteen times as long as the disk diameter.............. æstuarii. 
00—Bix or seven arm spines near disk, but five or six more distally ; 
dorsal arm plates very small and rudimentary at the arm bases; 
arms exceedingly long, more than thirty times as long as the disk 


(lacur. D sb S CUT EOS vadicola. 


nn— Ten arm spines; dorsal and ventral arm plates much less wide than 
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long; arms about fourteen times as long as the disk diameter... . 


PT kas. bee teenie eee cenomiotata. 


Amphiura lorece DUNCAN. 


Amphiura koree: DuxGcAN, Journ. Linn. Soc. London, XIV, 1879, p. 
466. Pl. X, figs. 18 & 19. 

Amphiura core? : LYMAN, Rep. Challenger, V, 1882, p. 146. 

Amphipholis corec : VERRILL, Transact. Connecticut Acad., X, 1899, 
p 22E 

Amphiura diomedee : LÜTKFN & MonTENSEN, Mem. Mus. Comp. Zool., 
XXIL 1899, p. 151, Pl. XIIL figs. 1-7; Kanter, Exp. Siboga, XLV, Pt. 
1, 1904, p. 86; Cranr, Buli. U.S. Nat. Mus, LXXV, 1911, p. 140. 

Numerous specimens ; Ótaba, Sagami Sea ; 500 fathoms. 

Off Manazuru Zaki, Sagami; 120-749 fathoms (Crank) Off 
Port Aran; 400—726 fathoms (Crank) Suruga Gulf; 140—508 
fathoms. Off Omai Zaki; 475-662 fathoms (Cranx). Off eastern 
Japan; 39 fathoms (Cr4nx). Sea of Japan; 79 fathoms (Crank). 
Kagoshima Gulf; 58 fathoms (Crank). 

Pacific side of Central America. Malaysian waters (K@uHLEn). 

That the specimens at hand 
are referable to A. diomedec appears 
to me certain. But an examination 
of Duxcax’s description and figures 
of A. korew, which is considered by 
several authors to belong to what 
is now called Amphipholis, has con- 
vinced me that Duncan’s species in 





question is merely an Amphiura 5. 


Fig. 58. .mphiura korea. xT. a. Ε : . 5 
τη below. b. Ventral view of an str., and is probably identical with 


oral angle. c. Ditto. A. diomedee. Duncan did not 
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mention the size of his type specimen; but judging from the 
magnification of his figures, his specimen must have been much 
smaller than Lttken & MonrENsEN's type. The smaller specimens 
in my hands appear to me to correspond well to Duncan’s descrip- 
tion and figures, the only essential difference being the shape of 
the oral shield, which is lyre-shaped and very wide outwards in 
Duncan’s figure. But the oral shields, adoral shields and oral 
papille, &e. of A. diomedec are subject to great variation, as 
stated by Lürsen & Mortensen. Therefore, I am inclined to look 
upon A. koree and A. diomedew to be conspecific, the former 
having the priority. 

In the specimens at hand, the arms are mostly four to six 
times as long as the disk diameter, so that they are usually 
longer than in Duxcax’s and Kaurenm's specimens, but usually 
shorter than in LürkEN & MomnrENsEN's. In some of tho oral 
angles, there may be one to three additional infradental papille 
besides the ordinary pair. The disk is usually light bluish and 


the arms yellowish or light brownish in colour in alcohol. 


Amphiura digitula (Crank). 

Amphiodia digitula : Crank, Bull. U.S. Nat. Mus, LXXV, 1911, p. 
162, fig. 70. 

Four specimens ; Mera-out-Oisegakó, Sagami Sea ; 300 fathoms. 

Off Ose Zaki, Suruga Gulf; 45-48 fathoms (Crank). Sea of 
Japan; 70 fathoms (Cranx). 

In my opinion, the present species is evidently referable to 
Amphiura s. str., though Crank refers it to Amphiodia. The 
distal oral papille are usually two in number on either side, both 


arising from the adoral shield. In some cases, there are threc 
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distal oral papille, of 












responds to the scale 
of the first oral 
tentacle, just inside 


a which one arises from 
SO h the oral plate (fig. ο); 
ERT besides, there is an 
ἜΝ additional papilla, 
eu A i ayj pe 
RC x which evidently cor 
À 


: 
Y 
N 


aud above the inner- 
most one of the distal 
papille, thus almost 
approaching the type 
of the oral papille of 
Amphioplus. The disk 
is light bluish and the 


arms whitish in eolour 


Fig. 54. Amphiura digitula. x15. «a. From above. b. 2 
n al l. 
From below. c. Ventral view of an oral angle. d. Side in aleoho 
view of three arm joints near disk. 


Amphiura bellis Lyman. 


Amphiura bellis: Lyman, Bull. Mus. Comp. Zool, V1, Pt. 2, 1879, p. 
19; Lyman, Rep. Challenger, V, 1882, p. 127, Pl. XVIII, fies. 4-6, Pl. XL, 
figs. 16-18; CLARK, Bull. U.S. Nat. Mus, LXXV, 1911, p. 140. 

Sagami Sea; 345-775 fathoms (Lyman). Off Manazuru Zaki, 
Sagami Sea; 120-265 fathoms (Crank). Off Osé Zaki, Suruga 
Gulf; 63-75 fathoms (Cranr) Off Omai Zaki; 624 fathoms 
(OLank) Off ΚΠ; 649 fathoms (Cranx). 

Lat. 19? 10' S., long. 178° 10'E.; 210-610 fathoms (Lyman). 
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Amphiura trachydisea CLARK. 

Amphiura trachydisca : Crank, Bull. U.S. Nat. Mus, LXXV, 1911, p. 
149, fig. 60. à 

One specimen; Yahagi-gaké, Sagami Sea; 310 fathoms. 
Two specimens; Nakano-yodomi, Sagami Sea; 210 fathoms. 
Numerous specimens; Okinosé, Sagami Sea; 100 fathoms. 
Numerous specimens; Sagami Sea. 

Off Heda; 161-167 fathoms (στλπκ). Suruga Gulf; 108-148 
fathoms (Cranx). Uraga Channel; 88 fathoms (CLARK). 

The largest one of these specimens is 15 mm. across the disk. 
Those from Okinosé are somewhat different from the other speci- 
mens, which agree quite well with Crank's type, and have an 
almost smooth disk and relatively narrower arms, though there is 
no doubt that they belong to this species. 


Amphiura microdiscus DUNCAN. 

Hemipholis microdiscus : DuNOAN, Journ. Linn. Soc. London, XIV, 1879, 
p. 467, Pl. X, figs. 20-22; Liman, Rep. Challenger, V, 1882, p. 158. 

Korea Strait ; 51 fathoms (Duncay). 

According to Duxcan, this species has two pairs of oral 
papille to each oral angle, the apical ones being infradental and 
the distal ones arising from the adoral shields. There is therefore 
no doubt that, this species is a genuine Amphiura and not a 
Hemipholis. 


Amphiura euopla Crank. 


Amphiura candida : MARKTANNER-TURNERETSCHER, Ann. K. K. Naturh. 
Hofmus, II, 1887, p. 299. (Non ΓΠΟΝΩ͂ΜΑΝ, 1866.) 
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Amphiura euopla : Crank, Bull. U.S. Nat. Mus, LXXV, 1911, p. 144, 


ee, Di. 
One specimen; Enoshima, 
Misaki. 





Fig. 85. Amphiura cuopla. a, From above. 
x8. b. From below, x8. ο, Young speci- 
men, from above. x14. d. Side view of two 
arm joints near disk. x8. e. Dorsal view of 
three arm joints near disk. x8. f. Arm 
spines of one side of an arm joint near disk. 


13, 


Sagami. 


Numerous specimens; 


Numerous specimens ; Izuhara, Tsushima. 


Off Ôsé Zaki, Suruga Gulf; 
45-60 fathoms (Crarx). 

The specimen from Eno- 
shima is the largest of all, being 
the disk 


and is the only one in which 


6mm. in diameter, 
the primaries are mvisible. The 
others are all small, and have 
conspicuous primaries and dis- 
tinctly squamated interbrachial 
The distal oral 


papilla is not so long and spini- 


ventral surfaces. 


form as in Cranx's type, and 


the oral shields are ποῦ so 
long, but slightly longer than 
wide. Further, in the smaller 
specimens, they are as wide as, 
or wider than, long. The arm 
spincs are much flattened, except 
in the basal region of the arms, 
and are thorny at the end, with 
the exeeption of the uppermost 
one or two. In the smaller 
specimens, they are less flatten- 


ed and less thorny. 
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Amphiura acrystata CLARK. 

<lmpliura acrystata: Cuanx, Bull. U.S. Nat. Mus., LXXY, 1911, p. 
145, fig. 58. 

Numerous specimens; Okinosó (a submarine bank), Sagami 
Sea; 85 fathoms. 

Off Tsurugi Zaki; 110-259 fathoms (Cranux) Off Kii; 191 
fathoms (Crank). Sea of Japan; 59 fathoms (Crank). Southwards 
from Hokkaidó; 269-464 fathoms (Crank). 

California ; 8-55 fathoms (Crank). 

In the larger specimens, the disk coverings remind us of those 
of the Ophionephthys-type, the tentacle scales being however well 
developed. This species may be brought forward to prove the 
small taxonomic value of the reduction of the disk scales, which 


is the character separating Ophicnephthys from Amphiura. 


Amphiura acacia LYMAN. 
Amphiura acacia: Lymay, Bull Mus. Comp. Zool, VI, Pt. 2, 1879, p. 
21, ΕΙ. XI, figs. 202-291; Lyman, Rep. Challenger, V, 1882, p 150, Pl. 
XVI, figs. 15-17. 


Yenshü Sea; 565 fathoms (Lyman). 


Amphiura pycnostoma CLARK. 
Amphiura pycnostoma: Crarx, Bull. U. S. Nat. Mus, LXXV, 1911, p. 
151, figs. 09. { 


Off Ki, Kumano Sea; 440 fathoms (Cranx). 


Amphiura carchara CLARK. 
Amphiura carchara: Crarr, Bull. U.S. Nat. Mus, LXXV, 1911, p. 
142, fig. 55. 
Sagami Sea; 614 fathoms (CLARK). 
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Bering Sea. Alaska. Washington. 


Amphiura iris LYMAN. 

Amphiura iris: Lyman, Bull. Mus. Comp. Zool., VI, Pt. 2, 1879, p. 28, 
Pl. XI, figs. 302-304; Lxwaw, Rep. Challenger, V, 1882, p. 189, Pl. XVI, 
fig. 4-0; KEHLER, Exp. Siboga, XLV, Pt. 1, 1904, p. 81. 

One specimen; Mera-out-Oisegaké ; Sagami Sea; 300 fathoms. 
Seven specimens; Okinosé (a submarine bank), Sagami Sea; 85 
fathoms. 

Sagami Sea; 420-775 fathoms (Lymay). 

Malaysian waters; 1,595m. (Ka@H Ler). 

The first specimen, which is the largest, measures 5.5 mm. 
across the disk and 25mm. in the arm length. The disk scales 
are fine, ill-defined, convex and pavement-like, so that the dorsal 
surface of the disk appears rough. The radial shields are long, 
narrow, bar-like, about half as long as the disk radius, about 
four times as long as wide, completely separated from each other, 
those of a pair almost parallel. The distal oral papilla is sub- 
quadrangular, with truncated or indented free end. The apical 
one is also squarish, but slightly smaller than the distal one. 
The additional papilla, which corresponds to the scale of the first 
oral tentacle pore, is also squarish, with truncated or indented 
free end, smaller than the distal, but larger than the apical one. 
The dorsal arm plates are rather oval and slightly in contact with 
one another; the surface is convex both transversely and longi- 
tudinally, so that the plate is more or less humped. ‘The ventral 
arm plates are subpentagonal, slightly in eontaet with one another. 
The arm spines are variable in length; the ratio of their length 
to the corresponding arm joint in different parts of an arm may 
be shown approximately as follows :— 
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3 i Number of lateral { 
' ee Ist. 5th. | 10th. | 15th. | 20th. | 30th. 
arm spines. 

Uppermost ........ 1.6 
4th. from below...... les 1.2 1.2 T2 
3rd. from below...... 0.9 0.9 1.0 Tl il 
2nd. from below ... 0.5 1.1 Til 1.9 1.1 Tat 
Lowest e m 1.2 1.4 1.8 Ji 1.6 1.4 








The tentacle scale is oval and leaf-like, but relatively smaller 
than in the next species. 


Amphiura iridoides, sp. nov. 

Amphiura glabra : MARETANNER-TURNERETSOHER, Ann. K. K. Naturh. 
Hofmus., II, 1887, p. 800. (Non Lyman, 1879.) 

Twelve specimens ; Mera-out-Oisegaké, Sagami Sea ; 300 fathoms. 

Diameter of disk 4mm. Length of arms 20mm. Width of 
arms at base 0.9 mm. 

Disk subpentagonal, with more or less straight interbrachial 
borders, covered with rather fine, imbricating scales, which are 
finer outwards than inwards. Six primaries prominent, distinetly 
larger than the other scales. Radial shields rather large, pear- 
seed-shaped, about two-fifths as long as the disk radius, two and 
a half to three times as long as wide, widest at about one-third 
of the entire length from the outer end, entirely separated from 
each other, divergent. Interbrachial ventral surfaces covered also 
with fine, imbricating scales, which are finer than those of the 
dorsal side. Genital slits long, extending from the oral shields to 
the disk border. 

Oral shields small, rhomboidal, with obtuse inner and rounded 
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lateral and outer angles, about 
as wide as long. Adoral shields 
also small, triangular, with con- 
cave adradial side, longer than 
wide, tapering inwards, nearly 
meeting with each other in 
the interradial lme. Oral plates 
rather short, very narrow. 
There is a small, naked, de- 
pressed space between the adoral 
shields and the oral plates of each 
oral angle. Two oral papille on 


cither side ; the distal one, arising 





Fig. 56. Amphiura iriloides. x14. a. from the adoral shield, is very 
From above. b. From below. œe. Side 


view of three arm joints near disk. large, oval, flat, thin and leaf-like ; 


the apical one is infradental, 
small, short, very thick. Teeth quadrangular and thick. 

Arms stout in comparison to the disk diameter, more or less 
cylindrieal, wider than high, very gradually tapering outwards. 
Dorsal arm plates fan-shaped, with convex outer border, wider 
than long, wider outwards than inwards; the surface is nearly 
level longitudinally, but decidedly convex transversely. Lateral 
arm plates rather high, those of the two sides not meeting 
with each other above or below, except in the very distal arm 
joints; they are almost covered over by the arm spines. First 
ventral arm plates not very small, pentagonal, wider than long. 
Those beyond hexagonal, with the shortest inner lateral sides 
and longest and convex outer border, lateral sides concave, 
corresponding to the tentacle pore; about as long as, or longer 
than, wide, widest at the outer ends of the tentacle pores, faintly 
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keeled along the longitudinal median line, widely in contact with 
each other. Five aim spines, long, flattened, acute, unequal in 
length; the ratio of their length to the corresponding arm joint in 


different parts of an arm may be shown approximately as follows. 








Number of lateral 


umber σα PM | qap | 5th. | 108. | 15th. | 25th. | 35th, 


arm spines. 

















ὑρρουπο PTT 1.4 1.4 1.8 

tth. from below ........ 1.9 1.2 ΠΠ! 1.1 Tl 
3rd. from below ........ 1.0 1.0 1.0 1.0 0.9 
2nd. from below ........ 1.0 1.8 1.4 1.9 1.2 11 
lhowcsUM e er 1.8 1.5 2.0 3.0 1.8 1.4 





Thus, the lowest spine is always the longest and the third 
from below the shortest; the lowest one is longest at a certain 
distance from the disk, being there about thrice as long as the 
corresponding arm joint. Single, very large, oval, flat, leaf-like 
tentacle scale to each pore. 

Colour in alcohol : whitish, except the dorsal side of the disk, 
which is frequently light blue. 

This new species is very near to A. iris, which occurs also 
in the Sagami Sea, but differs from it in the distinctive characters 
already mentioned. Further, A. iridoides appears to me to differ 
from A. glabra Lyman in the very prominent primary plates, in 
the distinctly squamated interbrachial ventral surfaces, in the 
much smaller and narrower oral shields, in the not very distinctly 
separated adoral shields, in the larger, oval, flattened distal oral 
papilla, in the longer and flattened arm spines, and in the 
larger tentacle scales. Judging from MARKTANNER-TURNERETSCHER’ S 
description, the specimen which he referrs to A. glabra appears to 
me likely to belong to A. iridoides. 
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Amphiura liitkeni Duxcan 

Amphiura lütkexi : DuNOAN, Journ. Linn. Soc. London, XIV, 1879, p. 
464, Pl. X, fig. 17. (Non Lyman, 1882.) 

Amphiura duncani: Lyman, Rep. Challenger, V, 1882, p. 143; Lonror, 
Rev. Suiss. Zool, I, 1898, p. 403; Water, Hes. Exp. Siboga, XLV, Pt. 
2, 1905, p. 3». 

Korean Seas (Duncan). 

Malaysian waters (Karr). 

The specific name of this species was changed by LYMAN, 
because he thought that, after the union of Lsuneman’s Amphi- 
pholis with Amphiura, Amphiura  lütkeni was preoccupied by 
Amphipholis lütkeni of LruNGwMAN. Now, the latter species has been 
referred by VERRILL to Ophiocnida or possibly to Amphiodia, so 


that the specific name of the present species can be revived. 


Amphiura anicraspis Crank. 
Amphiura micraspis : Crank, Bull. U.S. Nat. Mus, LXXV, 1911, p. 
150, fig. 61. : 
Off Omai Zaki; 36 fathoms (Cranx). 


Amphiura cestuarii MATSUMOTO. 
Amphiura cestuarii: Marsumoro, Proc. Acad. Nat. Sci. Philadelphia, 
1915, p. 73. 
Numerous specimens; Aburatsubo, Misaki Marine Biological 
Station. 
Diameter of disk 6 mm. Length of arms 75mm. Width of 
arms at base 0.8 mm. 


Disk five-lobed, covered by a soft naked skin, except along 
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the abradial and inner borders of the radial shields, where it is 
covered by fine, imbricating scales, arranged in four or five rows 

on the inner border but in 
only one on the outer part of 
the abradial side, and finer in- 
Naked 


part of radial shields large, 


wards than outwards. 
pear-seed-shaped, more than 
half as long as the disk radius, 
more than twice as long às 
wide, hardly in contact with- 
out, slightly divergent within. 
Interbrachial ventral surfaces 
also covered by a soft naked 
skin. Genital slits long. 

Oral shields rhomboidal, 





or pentagonal with a very short 


Fig. 87. Amphiura αἰαὶ x10. c. From 
above. b. From below. e. Dorsal view of 
three arm joints at about one-third of the 
arm length from the base. d. Side view of 


inner side and a much round- 


ed outer angle; wider than 


three arm joints near disk. e. Side view of long ; madreporic shield much 


three arm joints at about one-third of the 


ireular. 
arm length from the base. almost circular 


larger and 
Adoral shields triangular with 
concave adradial side, tapered within, where they do not meet. Two 
pairs of oral papille in each oral angle; apical ones oval and very 
stout; distal ones spiniform, obtuse, arising from the adoral shields. 
Besides, there occurs one spiniform papilla on either side just 
above the distal one. 

Dorsal arm plates transversely oval, twice as wide as long, 
contact. Lateral arm plates not very 


successive plates in 


prominent, almost concealed by the arm spines, not meeting above 
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or below, not in contact on the sides, but separated by a 
naked space. First ventral arm plate very small, pentagonal or 
quadrangular, wider within than without. Those beyond quad- 
rangular, with convex inner side, notched outer side and rounded 
outer angles; wider than long, except the basal one or two; the 
successive plates are not in contact but separated by narrow 
spaces, where the ventral ends of the lateral arm plates are 
wedged in. Arm spines five in the basal joints, but four in the 
middle part of the arms, subequal, but slightly longer downwards, 
nearly equal to, or a little longer than, the corresponding arm 
joint; they are conical and obtuse in the proximal joints, but are 
flattened more distally; the second spine from below is especially 
flattened’ and rather spur-shaped, with numerous thorns on the 
very much flattened end; the lowest one, as well as the third 
from above is also somewhat thorny at the end. Tentacle pores 
large, without scales. 

Colour in alcohol: disk gray, radial shields and arms straw- 
yellow. 

A. estuarit differs from A. phalerata (Lyman, 1874) and the 
next species, A. vadicola, in the shape of the radial shields, in 
the much shorter arms and in the dorsal arm plates, which are 
very wide even in the basal arm joints. A. œstuarii appears to 
be closer to A. phalerala than to A. vadicola in the arm spines, 
which are four or five in number and less flattened and rather 
conical in the basal arm joints. Further, A. cstwarii differs from 
A. ecnomiotata in the shape of the radial shields, and of the 
dorsal and ventral arm plates, as well as in the fewer and less 
thorny arm spines. 

A. cstuarii can be easily obtained together with A. euopla by 
dredging in the muddy bottom of Aburatsubo Cove. It probably 
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lives buried in mud, as A. vadicola does in sand, and I believe 
that, the reduced disk scales and the numerous and thorny arm 


spines are correlated with its mode of life. 


Amphiura vadicola Marsumorto.” 


Ophionephthys phalerata:  MARKTANNER-DURNERETSCHER, Ann. K. K. 
Naturhist. Hofmus., IT, 1887, p. 301. (Non Lyman, 1874.) 

Amphiura vadicola : MATSUMOTO, Proc. Acad. Nat. Sci. Philadelphia, 
i85, ja, Tl. 

Numerous specimens; Sakura-jima, Kagoshima Gulf. One 
specimen; Chintó, Korca. 

Diameter of disk 
8mm. Length of arms 
260mm. Width of arms 
at base lmm, at the 
widest part 1.9 mm. - 
= Disk five-lobed, with 
indented interbrachial 
borders, covered by a soft 
naked skin, except along 
the abradial and inner 
borders of the radial 
shields, where it is covered 





by several rows of fine, 


ὃ z : mos 
imbricating scales. Radial Fig. 58. Amphiura vadicola. xT. «a. From above. 
b. From below. ο. Dorsal view of three arm joints 
at about the widest part. d. Ventral view of three 


seed-shaped ; naked part arm joints at about the widest part. e. Side view 
of three arm joints somewhat near disk. 


shields large, long, pear- 


two-thirds to one-half as 


1) As to the interesting life mode of this ophiuran, see Prof. Mirsuxurr & Hara’s “The 
Ophiurian Shoal” in Annot, Zool Japon., T, 1897, p. 68. 
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long as the disk radius, and about thrice as long as wide. Τπίον- 
brachial ventral surfaces covered also by a soft naked skin. 
Genital slits long. Genital scales not very conspicuous unless 
the specimen is dried, arranged in a row and overlapping one 
another. 

Oral shields pentagonal, with rounded angles, outer sides 
longest, inner side a little concave; mauadreporic shields much 
larger and almost circular. Adoral shields triangular, with concave 
adradial side, neither meeting radially nor interradially. There is 
a more or less conspicuous depression between the oral plates, as 
in Ophiothriz. Two oral papilla on either side of the oral, angle, 
conical, blunt, very stout; the distal one arises from the adoral 
shield, and is longer than the apical one. 

Arms exceedingly long, more than thirty times as long as the 
disk diameter; they are widest at about one-third of the entire 
length of the arms from the base. Dorsal arm plates almost 
oval, bounded within by two nearly straight limes forming a very 
large and obtuse angle, and without by a curve, which is nearly 
flat medially but very convex laterally ; about twice as wide as 
long, successive plates slightly in contact. In the basal joints, they 
are very small and separated by spaces which are covered by a 
soft naked skin. Lateral arm plates not very prominent, almost 
covered over by the arm spines, not mecting above or below, nor 
in contact on the sides but separated by a naked space. First 
ventral arm plate very small, quadrangular, wider than long. 
Those beyond quadrangular, wider than long, except the basal one 
or two, which are as long as, or longer than, wide. They in- 
crease in size, especially in width, outwards, and become pentagonal 
beyond the disk, with large and obtuse inner angle, rounded outer 
angles, and notched outer side; the successive plates are separated 
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by very narrow spaces, where the ventral ends of the lateral 
arm plates are wedged in. The ventral arm plates are often 
divided into halves along the median linc. Arm spines six or 
seven near the base, five or six m the middle part of the arms, 
peg-like, flattened, blunt, longer downwards, nearly cqual to, or 
slightly longer than, the corresponding arm joint; much flattened 
and thorny at the end, exeept the uppermost one or two; the 
second one from below is spur-shaped and very thorny. Large 
tentacle pores, unprotected. 

Colour in aleohol brown; the seales around the radial shields 
are lighter; arms grayish brown to gray in the outer parts. 

This species is very near to A. phalerata (Lyman, 1874) but 
differs from it in the much larger radial shields, in the not oval 
but pentagonal oral shiclds, in the adoral shiclds being joined 
neither radially nor interradially, in the more projecting oral 
angles, in the dorsal arm plates being in contact with one another, 
in the ventral arm plates being separated from) one another and 
not very wide basally, and in the not cylindrical but much 
flattened and thorny arm spines. A. vadicola differs from A. 
ecnomotala Crank in the exceedingly long arins, in the shape of 


1 ‘sal : ventral arm plates, and in the fewer arm spines. 
the dorsal and ventral arm plates, and in the fewer arm spines 


Amphiura ecnomiotate CLARK. 


Amphiura ccnomiotata: Crank, Bull. U. S. Nat. Mus., LXXV, 1911, p. 
148, fig. 59. 
Off Seno-umi, Suruga Gulf; 31-41 fathoms (Crank). 


Ophiocentrus verticillatus (DÖDERLEIN). 


Ophiocnida verticillata : DÖDERLEIN, SEMoN-Z00l. PForschungsr. Austr. 
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u. Malay. Arch., 1896, p. 287, Pl. XIV, figs. 2a & b, Pl. XV, fies 7 & Ta 
Koarer, Exp. Sibuga, XLV, Pt. 2, p. 29, Pl. IT, fig. 4. 


One speeimen ; Enoshima. 


Malaysian waters. 


One specimen ; perhaps Misaki. 


The first specimen is about 5 mm. across the disk, and has 


eight arm spines in the basal joints. 


The second is about 19 mm., 


and has only seven arm spines notwithstanding its larger size. 





Fig. 59. 


Ophiocentrus verticillatus. x8. «a. 
From above. b. From below. ο, Side view 
of two arm joints near disk, d. Side view of 
two arm joints in the middle part of un 
arm. 


on the arms. 


Family 3. 


The arm spines decrease in 
number rather rapidly out- 
wards, there being only about 
five in the middle part of 
the arms. They are not so 
flattened as in DopERLEIN’s 
type, and are rather thorny 
at the end as in Kenurgws 
The disk is covered, between 
the spines, by a thick skin; 
but on drying, the scales 
around the radial shields be- 
come visible, so that the disk 
is like that of an Ophio- 
nephthys, if we leave the spines 
out of consideration. The 
eolour in alcohol of the larger 
specimen is dark olive green 
on the disk and light yellow 


Ophiotrichidae Lyuneman, 1867. 


Disk covered with plates or scales, or by a naked skin, very 
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often beset with minute spines or stumpy tubercles. Radial 
shields very large, with a conspicuous articalar socket on the 
ventral surface near the outer end, fitting to the large, ball-like 
articular condyle of the genital plate. Genital plates firmly fixed 
to the basal vertebrae. Genital scales short, wide, flat, articulating 
with the genital plates near the outer end of the latter. Besides, 
there occur a pair of short, flat scales, just outside each oral 
shield, supporting the proximal abradial border of the genital 
slits. Peristomial plates small, entire. Oral frames very stout, 
with well developed lateral wings for the attachment of voluminous 
masticatory museles. In internal view the oral and dental plates 
are very stout, together forming an X-shape. Teeth very stout, 
widened, squarish. Dental papille well developed, forming a vertical 
clump at the apex.of eaeh jaw. Oral. papilla absent. Arms 
inserted ventrally to the disk, horizontally flexible or eapable of 
coiling vertically. Dorsal side of the vertebrae Y-shaped, being con- 
spicuously notched inwards. Vertebral articulation zygospondyline, 
the articular peg being always present.. Arm spines either moderate- 
ly long, conical and opaque, or very long, flattened, serrate 
and hyaline. "Tentaele pores large, with one or two scales or none. 
This family includes fifteen genera, as follows. 
Ophiothriv Mitirr ἃ "noscuEL, 1842. 
Ophiopteron Lupwic, 1888. 
Ophiocampsis Duncan, 1887. 
Ophiotrichoides Lupwia, 1882. 
Ophicmaza ΓΧΜΑΝ,, 1871. 
- Ophiophthyreus DÖDERLEIN, 1897.” 


OR. . Ophiocnemis Mitten &, TnRoscpEL, 1842. 





E 1) It is possible that, Ophiophthyreus may be merely a very young stage of Ophiomaze or 
Ophiofriehoides or an allied genus. . PES De 
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Ophiothela VERRI, 1807. (= Ophioteresis BELL, 
1892). 

Ophiopsammium Lyman, 1874. 

Ophiogymna LauxGMAN, 1866. 

Littkenta Brock, 1888. 

Gymnolophus Brock, 1888. 

Ophio'ophus Marxraxner, 1887. 

Ophioethiops Brock, 1888. 

Ophiosphera Brock, 1888. 

The internal structures of this family are very uniform and 
essentially similar to those of the Amphiuride. In Ophiothrix 
nereidina ((LxwaRcK), the oral frames are very stout, with very 
well developed lateral wings for the attachment of voluminous 
masticatory muscles. The peristomial plates are very small, entire, 
transversely bar-like, with a very slight notch at the middle of 
the outer border. The oral and dental plates are very stout, 
together forming an X-shape in internal view. The teeth are also 
very stout and quadrangular. The genital plates are very long, 
bar-like, firmly fixed to the third to sixth vertebra, with a very con- 
spicuous, ball-like articular condyle near the outer end to fit into 
the large articular socket of the radial shield ; just anterior to the 
articular condyle, there occurs a wing with a depression for the 
attachment of the muscle between the genital plate and radial 
shield. The genital scales are short, wide, flat, leaf-like, articu- 
lating with the genital plate near the outer end of the latter. In 
internal view the radial shields are extremely large and triangular, 
has a very large artieular socket at the outer adradial eorner, and 
are completely joined in pairs. As seen from the dorsal side the 
first vertebra is very short and rhomboidal ; the second, which is 
the shortest, almost linear transversely ; the third like a cross, with 
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slender transverse and stout longitudinal bars; those beyond Y- 
shaped. ‘The internal structures of Ophiothriv koreana Duncan are 
almost similar to those of the preceding, but the peristomial plates 
are distinctly larger, the genital plates are shorter and firmly fixed 
only to the third and fourth vertebre, and the genital scales are 
much smaller. In Ophiothela dane VERRILL, the oral frames are 
less stout than in Ophiothrix nereidina and O. koreana, but have 
also well developed lateral wings with wavy peripheries. The 
peristomial plates are small and oval and have a conspicuous notch 
at the middle of the outer border. The genital plates are firmly 
fixed to the first to third or fourth vertebra, and have also a 
conspicuous ball-like articular condyle near the outer end; the 
muscle impression just anterior to the articular condyle is not very 
distinctly differentiated. The genital scales are also short, wide, 
flat and leaf-like. The dorsal side of the first vertebra is like a 
cross, with very slender transverse and stout longitudinal bars ; 
and of those beyond Y-shaped. Judging from ΓΥΜΑΝ 5 statements, 
Ophiomaea, Ophiocnemis, Ophiopsammium and Ophiogymna do not 
appear to differ fundamentally in their internal structures from the 


forms here described. 


Key to Japanese genera of Ophiotrichide. 


A—Dorsal arm plates entire. 
&—Disk beset with spines or stumpy tubercles; arm spines long, 
flattened, serrate, hyaline........ M ES ST Ophiothrix. 
aa—Disk entirely free of spines or tubercles; arm spines of moderate 
Tewertbsreoncal entire ορπηπο,.....'.' e een Ophiomaza. 
AA—Dorsal arm plates represented by a number of nodule-like granules 
or secondary plates; disk beset with granules or tubercles; arm 


spines of modi rate. length, conical, serrate, hyaline...... Ophiothela. 
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Key to Japanese species of Ophiothrix. 


A—Dorsal arm plates more or less rhomboidal, not very wide, only 
slightly wider than long or longer than wide, only slightly in con- 
tact with one another. 

a—Ventral arm plates notched outwaxds. 

b—Arms short, less than five times as long as the disk diameter. 

c—hadial shields entirely or mostly naked. 

d—First dorsal arm plate with a tubercle, on which a conspicuous 
spine is borne; disk closely beset with ee which are cylindrical, 
blunt and rough at tip............ ο ορ. panchyendyta. 

dd—First dorsal arm plate free of tubercles and spines; disk beset with 
trifid, or rarely bifid, tubercles or thorny spines of various length 
Oleg ο ανα νι. Meee mae πο... ας NRI EE ENSE koreana. 

cc—hadial shields, as well as disk, closely beset with stout, thorny 
spines of almost uniform length......... Pus EE marenzelleri. 

bb—Arms long, twelve to fifteen times as long as the disk diameter ; 
radial shields covered by a thick skin, except at the outer adradial 
border, where they are naked; disk beset on the dorsal side with 
slender, thorny spines of various length ............ macrobrachia. 

aa-—Ventral arm plates with entire and convex outer border; arms four 
to seven times as long as the disk diameter. 

e—Radial shields naked; disk beset with bifid or trifid tubercles and 
thorny SPINES. νο incre αμ ee eusteira. 

ce—Radial shields, as well as disk, closely beset: with stellate tubercles 
and thorny spines...... dolls «ss Seale ο ὃς. stabilis. 

AA—Dorsal arm plates more or less fan-shaped, very wide, much wider 
than long, widely in contact with one another. 

‘f—Dorsal side of disk entirely free of spines or μας. or beset 
' with a group of thorny tubercles only at the central region, with a 
l beantiful network of white streaks; eaclı dorsal amw: plate with a 
transverse white streak; arms about fifteen times as long as the 


ηιοῳππεῖση,.................... η MEE nereidina. 


MONOGRAPH OF JAPANESE OPHIUROIDEA. 219 


?—Disk, aud radial shields usually, closely beset with minute tubercles, 
without a network of white streaks; dorsalarm plates froe of trans- 
verse white streaks. 

g—Arms six to thirteen times as long as the disk diameter; arm 
spines of free basal arm joints not exceedingly short. 

i—Arms seven to nine times as long as the disk diameter; outer 
lateral angles of the dorsal arm plates perfectly rounded. 

i—Arms about seven times as long as the disk diameter; dorsal arm 
plates less than twice as wide as long, with well defined inner 
lateral angles and the lateral borders moderately divergent outwards ; 
anidcdlesormgspiessclayitc M a eaa TIC ODINS 

ii— Arms about nine times as long as the disk diameter; dorsal arm 
plates more than twice as wide as long, with the lateral borders 
very strongly divergent outwards, so that the inner and lateral 
borders practically form one continuous curve; arm spines not 
cibis cu que ee Jaa beet 8 > Oh RG d NOT ICI hirsuta. 

Ahh—Arms about thirteen times as long as the disk diameter; dorsal 
arm plates more than twice as wide as long, with the inner and 
outer lateral angles not rounded but sharp; each plate with three 
white spots along the outer border; arm spines not clavate...... 

punctolimbata. 

gy—Arms about eighteen times as long as the disk diameter; spines of 
free basal and more internal arm joints exceedingly short; dorsal 
arm plates about twice or more than twice as wide as long, with 


very well defined angles and borders ............ UE longipeda. 


Ophiothrix panchyendyta CLARK. 
Ophiothrix panchyendyta : Crank, Bull. U.S. Nat. Mus., L.XXV, 1911, 
p. 264, fig. 181. 
Korea Strait; 59 fathoms (Crank). 


220 ART. 2.—H. MATSUMOTO : 


Ophiothrix koreana Duxoax. 


Ophiothrix korcana : DuNCAN, Journ. Linn. ‘Soc. London, XIV, 1879, 
p. 473, Pl. XI, figs. 28-32; Lyman, Rep. Challenger, V, 1882, p. 226; 
MARKTANNER-TURNERETSCHER, Ann. K. K. Naturh. Hofmrs. Wien, If, 1887, p. 
308; Crank, Bull. U.S. Nat. Mus, LXXV, 1911, p. 257, figs. 127 & 128. 

Numerous specimens; off Nii-jima, Sagami Sea. Numerous 
specimens; off Jóga-shima, Sagami Sea. Numerous specimens; 
Uraga Channel. l 

Hakodaté Bay; 11.5-15.5 fathoms (Cranx) Gulf of Tokyo; 
169 fathoms (Crank). Uraga Channel, 58-302 fathoms (Cranx). 
Sagami Sea; 41-153 fathoms (Crank) Suruga Gulf; 13-150 
fathoms (Crank). Sea of Japan; 44-114 fathoms (Cranx). Korea 
Strait; 23-59 fathoms (Duncan, Crank) Eastern Sea; 53-181 
fathoms (Orank). Kagoshima Gulf; 58 fathoms (Cranx). Off 
Satsuma ; 89-51 fathoms (Crank). 

Molucca (MarkTANNER-TURNERETSCHER). 

The disk covering is very variable, as noted by Crarx. The 
colour is whitish or partly light pink in alcohol. In some speci- 
mens, the arms are annulated with light pink; in others, some 
of the dorsal arm plates, besides being annulated, bear each a red 
spot; in still others, the annulation of the arms is very faint, 
although the red spots are present; in a fourth lot, the red spots 
are present on all the dorsal arm plates, but the annulations are 


entirely absent. These red spots may possibly be phosphorescent 
organs. 


Ophiothrix marenzelleri KEHLER. 


Ophiothrix stelligera : MARKTANNER-TURNERETSCHER, Ann. K. K. Naturh. 
Hofmus., Wien, II, 1887, p. 310. (Non Lyman, 1874.) 
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Ophiothrix marenzellert : Ίζανπτπ, Mem. Soc. Zool Fr., XVIII, 1904, 
p. 103, figs. 77-78. 

Ophiothrix hylodes: Cuarnx, Bull. U.S. Nat. Mus, LXXV, 1911, p. 
263, fig. 130. 

Littoral form :—Two specimens; Tomo, Bingo. Two speci- 
mens; Toba, Shima. Numerous specimens; Arai Beach to 
Gorgonian Cave, Misaki Marine Biological Station. Numerous 
specimens ; entrance of the Gulf of Tokyo. 

Sublittoral form:—EKight specimens; Kagoshima Gulf; 70 
fathoms. Five specimens; Asami Bay, Tsushima. Numerous 
specimens; off Jóga-shima, Sagami Sea. One specimen; Komi- 
nato, Bésht. — 

In the littoral form, which may be taken as the type of this 
species, the disk is closely and uniformly covered with thorny 
spines. The arm spines are much widened toward the end and 
somewhat clavate at the top. The colour of the body is very 
variable, and may be green, blue, brown, or purple, or very 
often variegated with combinations of these colours. The arms 
are annulated, and there is on the dorsal side usually a longi- 
tudinal white or light-coloured striation hemmed by two lines of 
a darker shade, running along the entire length of the arm. 

In the sublittoral form, the disk is closely and uniformly 
covered with fine tubercles bearing several thorns on the top and 
sometimes also on the sides. In some specimens there are also a 
few long, slender, rough spines on the dorsal surface of the disk. 
The arm spines are slender like those of O. koreana, and not so 
widened towards the ends or clavate at the top as in the littoral 
form. The colour of the body is very variable, but on the whole 
lighter than in the littoral form. The arms are annulated, but 
there is no distinct longitudinal striation on the dorsal surface. 
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The sublittoral form approaches O. koreana more closely than 
the littoral form. It is also somewhat probable that, the present 
species may prove to be an extreme variety of O. koreana, as 


suspected by CLARK. 


Ophiothrix macrobrachin Cuan. 


Ophiothrix macrobrachia : Cnang, Bull. U.S. Nat. Mus., LXXV, 1911, 
p. 267, fig. 133. 

Numerous specimens; Off Nii-jima, Sagami Sea. Numerous 
specimens; Okinosé, a submarine bank, Sagami Sea. One speci- 
men; off Jóga-shima, Sagami Sea; 75 fathoms. Four specimens; 
Uraga Channel. 

Suruga Gulf; 34-131 fathoms (Craxx) Bungo Channel; 65 
fathoms (Crank) Korea Strait; 59 fathoms (Crank). Eastern 
Sea; 95-135 fathoms (Crank). 

In my specimens, the arms are somewhat shorter than in 
Cuark’s type. For example, one specimen has the disk diameter 
of 10 mm. and an arm length of 115 mm. Some specimens bear 
one or several individuals of a species of parasitic gastropods, 
Stylifer or its allies. The parasites are attached to the host at 
the genital slits, as figured by Konuen in Ophiothrix crassispina 
Kanter, 1904. The shell of the parasites is almost white or 


light pink in alcohol. 


Ophiothrix ewsteira CLARK. 


Ophiothrix eusteira : Οτινεκ, Bunt. U.S. Nat. Mus, LXXX, 1911, p. 
265, fig. 132. 

Two specimens; Pinnacle Is. Three specimens; off Jògashima, 
Sagami Sea; 75 fathoms. Numerous specimens; off Misaki, 
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Sagami Sea. Numerous specimens; off Uki-shima, Uraga Channel. 
One specimen; Kominato, Dóshü. 

Oshima (Crank). 

The disk seales become almost visible on drying, and there 
are four or five 
rows of them in 
cach interradial 
space on the 
dorsal side. In 
many specimens 
and especially in 
younger ones, à 
small, circular, 
depressed cen- 
tral plate is 
visible. The 
dorsal surface 
of the disk is 
usually covered 
with thorny 
spines and spiny 
tubercles, but 


sometimes with 





only one of the 


Fig. ΘΟ. Ophiothrix eusteira. x13. a. From above. b. From be- 


‘ms. The 
low. ο, Side view of two arm joints near disk. two form 


arm spines are 
very slender, and often not much flared laterally. The present 
species appears to resemble O. galapagensis LÜTKEN & MORTENSEN 


in certain points. 
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Ophiothria stabilis KÆHLER. 


Ophiollriz stabilis: KænLER, Mem. Soc. Zool. Fr., XVII, 1904, p. 84, 
figs. 46—49. 

Ophiothrix ciliaris: CLARK, Bull. U. S. Nat. Mus, LXXV, 1911, p. 257. 
(Non Méitter & Troscuen, 1842.) 

One specimen; Gorgonian Cave, Misaki Marine Biological 
Station. 

Japan (Kater). Κορό; 8 fathoms (Cranx). 

The specimen at hand is perfectly similar to Kauter’s type, 
except in colour. The disk is purplish black, except just inside the 
dorsal side of the arm base, where there is a white patch, which 
is continued on to the longitudinal white streak on the dorsal 
side of the arm. Arm spines nearly white, with purplish black 


marginal denticles. 


Ophiothrix nereidina (LAMARCK). 


Ophiura nercidina : Lamarck, Hist. Nat. Anim. sans Vert, II, 1816, 
p. 544. 

Ophiothrix nereidina: MÖLLER & 'TRoscHEL, Sys. Ast., 1842, p. 115; 
Lyman, Rep. Challenger, V, 1882, p. 221; STUDER, Abh. K. Preuss. Akad. 
Wiss. Berlin, 1882, p. 26; MARKTANNER-TURNERETSCHER, Ann. K. K. Naturh. 
Hofmus. Wien, II, 1887, p. 309; DÖDERLEIN, Zool. Jahrb. Sys. III, 1888, 
p. 832, Pl. XXXII, figs. 5a-5e; Kanter, Bull. Sci. Fr. Belg., XXXI, 1898, 
p. 97; Kanurzn, Bull. Sei. Fr. Belg, XLI, 1907, p. 334. 

Ophiothrix colaphracla : vox ManrENs, Arch. Naturg, XXXVI, 1870, 
p. 259; Lymay, loc. cit, p. 227; Prerren, Abh. Senckenberg. Naturf. Gesell., 
XXV, 1900, p. 85. l 

One specimen; Yayoyama, Riu-kiu. One specimen; Okinawa. 
Two specimens; Shimoda, Izu. Numerous specimens; Arai Beach 
to Gorgonian Cave, Misaki Marine Biological Station. 
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Indo-Pacific. So far as 
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known,  Misaki is about 





the northern limit of this 


Sm 


ZS 





species. 





Cen: 


This species is one of 








jem 
AS 


the most common littoral 





ophiurans in the vicinity of 
Misaki. The colour in Fig. 61. Ophiothrix nereidin«, From above. x55 
alcohol is blue, with a 

beautiful network of white streaks on the disk and fine regular 
annulations on the arms; the network consists of the white 
peripheral zones of the disk plates and of the white, more or less 
meandering lines on the radial shields, and the annulations are 
due to the presence of a white, transverse streak on each dorsal 
arm plate. If I remember aright, the speeimens were in life 
shades of vermilion red in colour and perhaps of dark purplish 


brown. 


Ophiothrix obtusa KEHLER. 
Ophiothriz obtusa: Kanter, Exp. Siboga, XLV, Pt. 2, 1995, p. 98, 
Pl. XI, figs. 6-10, Pl. XVI, fig. 5. 
One specimen; Okinawa, Riu-kiu. 


Malaysian waters (Kaurrn). 


Ophiothrix hirsuta MÜLLER & TROSCHEL. 





Ophiothrix hirsuta: MÜLLER & TROSCHEL, 
Fig. 65. Ophiothrix obtusa. ‘ 

8. : ΟΝ "ENS "chr? 

me MN Sys. Ast, 1842, p. 111; von MARTENS, Arch 

joints somewhat near disk. Naturg, XXXVI, 1870, p. 255; Lyman, Rep. 


5 Challenger, V, 1882, p. 226; MARKTANNER- 
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'TURNERETSCHER, Aun. IX. K. Naturh. Hofmus. Wien, II, 1887, p. 311, ΕΙ. 
XIII, figs. 84 & 35; Kener, Bull. Sci. Fr. Belg, ΧΧΧΙ͂, 1898, p. 96; 
Lupwic, Abh. Senckenberg. Naturf. Gesell, XXI, 1889, p. 549; IX(EHLER, 
Exp. Siboga, XLV, Pt. 2, 1905, p. 93; KEHLER, Bull, Sei. Fr. Belg., XLI, 
1907, p. 333. | 

Ophiothriz cheneyi: ΥΜΑΝ, Proc. Boston 
Soe. Nat. Hist, VII, 1861, p. 845; Lymay, lll. 
Cat. Mus. Comp. Zool, I, 1865, p., 175. 

Ophiothrix variabilis: DUNCAN, Jour. Linn. Soc. 
London, XXI, 1886, p. 99, Pl. XIU, fies. 44 & 35. 


One specimen; Pinnacle, Riu-kiu. 





The specimen at hand appears to be- 


Fig. 69. Ophiothrix hirsu- 
ta Dorsal view of an long to the variabilis-type, having the radial 
arm base, x6. à 


shields almost free of tubercles. 


Ophiothrix punctoltinibata vos. MARTENS. 


Opluothris punctolimbata : vox MARTENS, Arch. Naturg., XXXVI, 1870, 
p.257; LxwaN, Hep. Challenger, V, 1882, p. 227; STUDER, Abh. K. Preuss. 
Akad. Wiss. Berlin, 1882, p. 26; BELL, Rep. 
Zool Coll, Alert, 1884, p. 143; BELL, Proc. Zool. 
Soc. London, 1888, p. 388; Brock, Zeitschr. 
wiss. Zool, XLVII, 1888, p. 512: DÖDERLEIN, 
Zool Jahrb. Sys, II, 1888, p. 416, Pl. XV, fig. 

Fig. 64. Ophiothrix puncto- 
2; Lorton, Rev. Suisse Zool, I, 1998, p. 416, Pl. HAUS Dorsal οσοι 


XV, fig. 2; Bett, Proc. Zool. Soc. London, 1894, four arm joints somewhat 
neur disk. x 8. 





p. 997; DÖDERLEIN, SEMON—Zool. lorschungsr. 
V, 1897, p. 294, Pl. XIV, figs. Τα & τὸ, Pl. XVI, fies. 18 & 185; K«HLER, 
Exp. Siboga, XLV, Pt. 2, 1905, p. 98. 

Ophiothrix hirsuta vay. punctolimbata : MARKTANNER-TURNEREDSCHER, Ann. 
K.K. Naturh. Hofmus., IT, 1887, p. 312. 





1) This paper was not seen by me, 
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One specimen; locality unknown, perhaps Misaki. 


Indo-Pacific. 


Ophiothrix longipeda (LAMARCK). 

Ophiura longipeda: Lamarck, Hist. Nat. Anim. sans Vert, IT, 1816, 
p. 544. l 

Ophiothria longipeda: MÜLLER & Troscuen, Sys. Ast, 1842, p. 113; 
Lxwaw, Ill. Cat. Mus. Comp. Zool, I, 1865, p. 176; von MARTENS, Arch. 
Naturg., XXXVI, 1870, p. 254; Lxwax, Rep. Challenger, V, 1882, p. 220, 
PL XLVII, fig. 4; STUDER, Abh. K. Preuss. Akad. Wiss. Berlin, 1882, p. 
26; MARKTANNER-TURNERETSCHER, Ann. K.K. Naturh. Hofmus. Wien, I, 
1887, Pl. XIII, fig. 27; BELL, Proc. Zool. Soe. London, 1888, p. 388; 
Brock, Zeitschr. wiss. Zool, XLVI, 1888, p. 512; Τοπίο, Rev. Suisse 
Zool, I, 1193, p. 415; Bent, Proc. Zool. Soc. London, 1894, p. 395; 
DÖDERLEIN, SEMON-Zool, Forsehungsr. V, 1899, p. 293, PI. XIV, figs. 6a— 
Ge, Pl. XVI, fies. 17 & 17a; Kanurgn, Bull. Sei. Fr. Belg., XXXI, 1898, p. 
97; Lupwig, ΑΡΗ. Senckenberg. Naturf. Gesell, XXI, 1899, p. 550; 
PrEFFER, ibid, XXV, 1900, p. 85; Kanter, Exp. Siboga, NIV, Pt. 2, 
1905, p. 92; KEHLER, Bull. Sei. Fr. Belg., XLI, 
1907, p. 984: Crank, Bull Mus. Comp. Zool, 
ΤΙ, 1908, p. 298; Cranx, Bull. U.S. Nat. Mus., 
Jb Wo Πας jp, 51681 

One specimen;  Kominato, PDóshü. 
Two specimens; Tanabé Bay, Kii. 

Indo-Pacific. So far as known, 
Kominato is the northern limit of this 





species. 
Fig. 68. Ophiothrix loagipeda. 
Dorsal view of an arm base. 
x 6. 
Ophiomaza lanekot, sp. nov. 


One specimen; Shimabara, Hizen. 
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Diameter of disk 15 mm. Length of arms 35 mm. Width of 
arms at base 1.8 mm. l 

Disk rather flat, covered by the large radial shields and rather 
coarse, partly imbricated and partly tessellated seales. The scales 
are covered by skin, so that they are very inconspicuous, especial- 
ly inside and outside the radial shields, where they are finer than 
between the radial shields. There are two or three rows of them 
in each interradius, where they are coarse, irregular, polygonal, 
and tessellated. Radial 
shields large, triangular, 
with acute inner angle, 
longer than two-thirds 
the disk radius, twice as 
long as wide, those of a 
pair scparated from each 
other by a single row 
of oblong, quadrangular 
seales, three to five in 
number. Interbrachial 
ventral surfaees covered 
by a soft, naked skin. 





Genital slits large. 
Oral shields small, 


f 
1 
( 


quadrangular, or rather 
ο ΤΟΥΣ; 7] 

Fig. 66. Ophiomaza kanekoi. x4, a, From above, b. pentagonal, ΕΝ ide 

From below. ο. Side view of three arm joints near and short, more than 


disk. 9 . 
twice as wide as long, 
with a very large inner angle — Adoral shields very small, 
quadrangular, joined within. The oral and adoral shields have 


chagreened external surfaces, which are covered. by skin. Buccal 
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pores very small. Dental papille about twenty-five in number, 
forming a vertical, oval clump; in the lower half they are very 
small and arranged in four rows; in the upper half they 
are larger and arranged in two or three rows. Three tooth, 
quadrangular, with truncated ends; the lowest one is about as 
long as the upper dental papille; the others are much longer 
than the lowest, the uppermost one being the longest and narrowest. 

Arms slender and short, vertically coiled, especially in the 
distal parts. Dorsal arm plates large, quadrangular, with convex 
outer border, about twice as wide as long, wider without than 
within, very convex, so that the dorsal side of the arm is strong- 
ly keeled as a whole. Four or five basal dorsal arm plates are 
smaller and continued on to the radial row of disk seales. Some 
of the dorsal arm plates are divided into equal or unequal halves. 
Lateral arm plates not very prominent. First ventral arm plate 
not very small, quadrangular, with curved inner and outer borders 
and rounded angles, slightly wider than long, wider within than 
without. Next one or two plates quadrangular, with curved outer 
and concave lateral borders and rounded outer angles, slightly 
longer than wide. Those beyond quadrangular, with concave inner 
and outer borders and rounded outer angles, wider than long. 
The surface of the ventral arm plates are chagreened and covered 
by a skin. ‘The successive ventral arm plates are not in contact, 
but are separated by a naked, depressed, groove-like space. Arm 
spines six or seven in proximal free joints, conical, terete, tapered, 
blunt; the uppermost one is short, slightly longer than the corres- 
ponding arm joint; the next is the largest, longer than twice the 
corresponding joint; the others become shorter downwards, the 
second lowest being slightly longer than the corresponding joint ; 


the lowest spine is very small and short, serving as a tentacle 
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scale, The spines rapidly become fewer and shorter outwards, so 
that in the tenth free arm joint, they are four in number, the 
uppermost two spines, which are the longest, being about one and 
a half times as long as the corresponding joint. In the distal parts 
of the arms, the lowest spine is transformed into a compound 
hook. : | 

Colour brownish black in alcohol, formerly preserved in 
formalin. 

The present species differs from Ο. cacaotica Lyman in the 
more numerous disk scales, in the absence of a distinct central 
rosette of the primary plates, in the not regularly arranged 
marginal disk scales, in the narrower arms, in the concave outer 
border of the ventral arm plates, and in the more numerous arm 
spines; from Ο, maerens Kanter in the larger radial shields, in 
the shape of the oral shields, in the narrower arms, in the wider 
ventral arm plates, of which the inner and outer borders are 
concave, and in the more numerous and longer arm spines; and 
from Ο. obscura (LJUNGMAN) in the fewer rows of the dorsal inter- 
radial disk scales, in the larger radial shields, in the narrower 
arms, in the markedly narrowed basal dorsal arm plates, and in 


the more numerous arm spines. 


Ophiothela dance VERRILL. 


Ophiothela dance : VERRILL, Proc. Boston Soc. Nat. Hist, XII, 1869, p. 
391; Lyman, Rep. Challenger, V, 1882, p. 230 ; MAnKTANNER-TUENERETSCHET, 
Ann. K. K. Naturh. Hofmus. Wien, II, 1887, p. 313; DÖDERLEIN, SEMON 
—Zool. Forschungsr., V, 1897, p. 297, Pl. XVII, figs. 25-25b ; K«HLER, Bull. 





1) This paper was not seen by me. 
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Sei. Fr. Bels., XXXI, 1898, p. 89; Kanik, Exp. Siboga, XLV, Pt. 9, 
1905, p. 117; Κατει, Bull. Mus. VHist. Nat. Paris, 1905, p. 459. 

Ophiothela isidicola : Litxen, Bull. Soc. Hoy. Copenhague, 1872, p. 92, 
Pl I & TI, figs. 4a.-4g ; LYMAN, loc. cit, p. 231; Brock, Zeitschr. wiss. 
Zool, XLVI, 1888, p. 537; Lonrtot, Mem. Soc. Phys. d'Hist. Nat. Genève, 
XXXI, 1894, p. 52. l 

Ophiothela verrilli: Duncan, Journ. Linn. Soc. London, XIV, 1878, p. 
a, Jel Ml, is, 83. 

Ophiothela dance var. involuta : KEHLER, loc. cit., 1898, p. 89. 

Numerous specimens, clinging to Melitodes; Moroiso, Misaki ; 
5-10 fathoms. Numerous specimens; off Misaki. 

Strait of Formosa (LtrKen). Korea seas (Duxcan). 

Indo-Pacific. 


There is no doubt, that O. dana, O. isidicola and O. verrilli 
are conspecific, as they are connected by an unbroken series of 
intergrading forms between dance and jsidicola on the one hand 
and between isidicola and verrilli on the other. 

The first of the 
two lots above men- 
tioned are mostly of 
the danc-type, while 
the second is mostly 
of the isidicola- but 
partly of the verrilli- 
type, both lots con- 





taining some interme- 


Fig. 67. Ophiotaela dune, From above, x20. 


diate forms. Those of 
the dane-type are usually dark coloured, being green, blue, purple, 
or brown, and are annulated on the arms; those of the isidicola- 


and verrilli-type are light coloured or white, being light yellow or 
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very light pink. The verrilli-type is closely similar to the isidicola- 
type, so that the two are practically one. I imagine that on an 
average, the isidicola-type (including the verrilli-type) has greater 
bathymetrical range than the danc-iype. 

In some specimens, there are as many as seven arms. Again, 
-a few of the disk granules may be conical and pointed. In some 
of the dane-type, the dorsal surface of the disk is entirely free of 


granules or tubercles. 


Order iv. CHILOPHIURIDA MATSUMOTO. 


Disk covered with seales or plates, often with superficial 
granulations. The radial shield and genital plate on the same side 
of a radius articulate with each other by means of two articular 
condyles and one pit on both the plates. Peristomial plates double 
or triple, not very large. Oral frames with or without well 
developed lateral wings. Oral papillae well developed, close-set, 
very often entirely closing the oral slits; the outermost one being 
pointed inwards above the next papilla which is the largest, but 
sometimes modified in certain ways by the displacement of the 
second oral tentacle pores outside the oral slits. Arms only 
horizontally flexible, the vertebral articulation being zygospondyline. 
Arm plates usually all well developed. Arm spines very short or 


long, lying flat on the arm or erect. 


Key to families of Chilophiurida. 


A—<Arm spines short, lying flat on the arm. 


«—Disk usually free of granules; second oral tentacle pores opening 


bo 
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either outside or inside the oral slits; arms short and stout, stoutest 
nüthcabiscc PEE CEN eee EE Ophiolepididc. 
aa—Disk covered with granules; second oral tentacle pores opening 
always within the oral slits; arms moderately or very long. 
b—Arms slender, inserted ventrally to the disk, stoutest at the base or 
at a distance from it; arm spines few .............. Gphioleucide. 
bb—Arms stout, inserted laterally to the disk, stoutest at the base; arm 
πρ "HINUXUUS c.l fmc MN Ophiodermalide, pars. 
AA—Arm spines long and erect. 
c—Dental papille absent. 
d—Disk covered with granules; oral angles granulated; arms stout, 
stoutest at the base; arm spines numerous... . Ophiodermatide, pars. 
dd—Disk usually free of granules; oral angles not granulated; arms 
slender, stoutest at a distance from the base; arm spines few.... 
το ha SO ce c MM o RN Ophiochitonide. 
cc—Dental papille well developed, forming a vertical clump at the apex 
of each jaw; arms stout, stoutest nt a distance from the base.... 


πως. τ... .““''.....θ-.-. nona pA Ocomadt. 


Family 1. Ophiolepididze Liunewan, 1867. 


Disk covered with thick seales or plates, among which the 
primaries are often very prominent. Radial shields usually stout. 
The radial shield and genital plate on the same side of a radius 
articulate with each other by means of two artieular condyles and 
one articular pit on both the plates. Genital papillæ very often, 
and arm combs sometimes, present. Oral papillae usually few, 
arranged in a single series; where the second oral tentacle pore 
opens within the oral slit, the outermost oral papilla is pointed 
inwards and the next one is the largest. Teeth arranged in a 
single vertical row. Dental papille absent. Peristomial plates 
small, usually double, rarely simple. Arms inserted laterally to 
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the disk, short or moderately long, very stout, widest at the 
base, rapidly tapering outwards, only horizontally flexible. Arm 
plates either all well developed, or the dorsal and ventral ones 
may be very rudimentary. Arm spines short, lying flat on the 
arm. Tentacle scales variable in number, leaf-like, rarely absent. 

This family is very extensive and includes thirty-eight genera, 

whieh may be grouped into-two subfamilies as follows. 

Subfamily 1. Opliomastinew Marsumoro, 1915 :— Second oral 

tentacle pores opening outside the oral slits. 

I. Several basal lateral arm plates extraordinarily widened ; 
genital slits invisible or very insignifieant; disk covered 
merely with primaries and radial shields. 

‘Astrophiura SLADEN, 1878. 
Ophiophycis Kanren, 1901. 
Ophiomisidiiun Wanner, 1914. 
Ophiotypa KænLER, 1897. 
Ophiomastus Lyman, 1878. 

II. Basal lateral arm plates not much widened ; genital slits 
usually large; disk covered usually with both primaries 
and seeondary scales, besides the radial shields. 

Haplophiura λτβυμοτο, 1915. 
Anthophiura Crank, 1911. 

Aspidophiura Matsumoto, 1915. 
Ophiopyrgus Lyman, 1878. 

Stegophiura Marsumoro, 1915. 
Amphiophiura Mxrsuworo, 1915. 
Gymnophiura LürkEeN & MonrENSEN, 1899. 
Ophiosteira BELL, 1902. 

Ophiochrysis Kamnrgn, 1904. 


Homalophiura Crank, 1015. 
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Ophiura Lamarck, 1816. 
Ophioperla KænrerR, 1912. 
Ophionotus Ῥετα, 1909, 
Ophiotjalfa MonTENSEN, 1919. 
Ophiuvolepis Matsumoto, 1915. 
Ophiogona Sruprn, 1878. 
Ophioplinthus Lyman, 1878. 
Ophiopleura DANIELSSEN, 1877. 
Ophiocten Lymax, 1854. 
Subfamily 2. Ophiolepidine mihi, 1915 :—Second oral tentacle 
pores opening within the oral slits. | 


I. Tentacle pores limited to a few basal arm joints. 


Ophiomusium Lyman, 1869. 


Ophiolipus Lywas, 1878. 


ll. Tentacle pores present throughout the entire length of the 
arm. 

Ophiophyllum Lymas, 1878. 
Ophiopenia Cuark, 1911. 
Ophiocra'es Kanrgn, 1904. 
Ophiomidas Kanter, 1904. 
Amphipholizona CuarKx, 1915. 
Ophiezonella Matsumoto, 1915. 
Ophiozonoida Crank, 1915. 
Ophiozona Lyman, 1865. 
Ophiothyreus LymMax, 1805. 
Ophiolepis MürrEeR & TroscneL, 1840. 


Ophioplocus Lymax, 1861. 





1) Ophioglypha hexactis Sarra, 1876, belonzs in my opinion to Ophionotus, as distinct from 
the genuine Ophiura. 
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Ophioceramis Lymax, 1865. 

The internal structures of the Ophiomastinw are very divergent, 
but roughly three types may be distinguished according to the charac- 
ter of the peristomial plates. The first type, represented by Astro- 
phiura and Ophioplinthus, lacks the peristomial plates; the second, 
represented by Ophiomastus and Ophiocten, has simple peristomial 
plates; and the third, including the majority of the present sub- 
family, has double peristomial plates. 

The internal structures observed in Astrophiura hawamurai are 
most peculiar. The oral frames and plates are very long and 
slender, while the dental plates are stout. The peristomial plates 
are entirely absent, though the peritoneal membranes of the oral 
region, as well as of the other parts, contain very fine, trans- 
lucent, perforated scales, much resembling the perforated spicules 
of holothurians, as seen under a compound microscope. The 
genital plates and scales are entirely internal, both being very 
slender and narrow; the former are very short, with the outer end 
forming a simple articular face for the radial shield; the latter 
are about twice as long as the former, parallel to, and directed 
above, the adoral shields, not laterally but terminally articulated 
with the genital plates. The proximal parts of the first lateral 
arm plate curve inwards and downwards, passing below the radial 
shield and the genital plate, and articulate with the first vertebra. 
The dorsal side of cach vertebra is not rhomboidal but almost 
quadrangular, with a rather shallow median groove; that of the 
first vertebra is much wider than in the others, the abradial 
peripheries being very thin and translucent. The ventral side of 
each vertebra has a rather shallow median groove and a well 
marked median suture. The vertebri of the free arms are almost 


entirely divided into halves by a very narrow moniliform slit, the 
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halves being very slender and lying very closely side by side. 
The articulation of the vertebre is primitive and zygospondyline. 
The articular peg is situated between the halves of the articular 
shoulder, the three being almost parallel. In the inner articular 
face, there is present a well developed articular umbo, the articular 
knobs being, however, very rudimentary, represented merely by 
the projecting edges of the central ridge, on which the articular 
umbo and the pit for the articular peg are placed. Astrophiura 
appears to remind us more or less of Ophioplinthus meduse Lyman, 
the internal structures of which have been described and figured 
by Lyman, by its long oral frames, the absence of distinct 
peristomial plates and the quadrangular dorsal side of the basal 
vertebra. 

According to Lymax, Ophiomastus secundus Lyman has very 
long oral frames and plates, a small, simple peristomial plate in 
each interradius and quadrangular, not discoidial, basal vertebre. 
I suppose that, the internal structures of Ophiophycis, Ophiomisidium 
and Ophiotypa are probably similar to those of such genera as 
Astrophiura, Ophioplinthus and Ophiomastus, though they have not 
been thoroughly studied.  Haplophtura gymnopora (στλεκ) has also 
simple, transversely bar-like peristomial plates and short, discoidal 
basal vertebre. This genus, as well as Ophiomisidium, Ophiophycis 
and Astrophiura, lacks the genital burse and visible genital slits. 
Ophiocten sericeum Lyman is described by the author to have also 
simple peristomial plates and short, discoidal basal vertebre. 

Stegophiura sladeni (Duxcax), as well as St. sterea (CLARK), 
has double, transversely bar-like peristomial plates and very high 
outer ends of the oral frames. The internal structures of Ophiura 
kinbergi are almost similar to those of Stegophiura except the oral 


frames, of which the outer ends are not very high. Ophiura 
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lymani (LisuNGMAN) and Ophiurolepis carinata (StupeR)(= Ophioglypha 
deshayesi LyMax) appear to be almost similar to Ophiura kinbergi 
in their internal structures. Those forms with double peristomial 
plates have always short oral frames and short, discoidal basal 
vertebra. 

The Ophtolepidine are fairly uniform in their internal struc- 
tures, the two opposite extremes being represented by  Ophio- 
musium and Ophioceramis. In Ophiomusium trychnum Crank, which 
is a representative of the species with only two pairs of tentacles 
to each arm base, the peristomial plates are double and exceeding- 
ly small, the oral plates are very long and slender, and the oral 
frames and basal vertebrae are also extremely long. In Ophiomusium 
cancellatum Lyman, which is a representative of the species with 
three pairs of tentacles to each arm base, the internal structures 
are almost similar to those of the foregoing, but the peristomial 
plates are larger and the oral plates, oral frames and basal 
vertebre shorter. In Opliozonella longispina ((Ἰ.νηκ), the peristomial 
plates are comparatively large, the oral plates short and stout, the 
oral frames more or less short, and the basal vertebræ short and more 
or less discoidal. In these three species the first vertebra, and 
not the second, is the shortest. In Ophiomusium, the teeth are 
very slender, while in Ophiozonella, they are more or less squarish 
and stout. In Ophiozona impressa, (LUTKEN), Ophiolepis cincta 
Mttrrr & Troscuen and Ophioplocus japonicus Crank, the peristo- 
mial plates are comparatively large, the oral plates and frames 
very short and stout, the basal vertebre very short and discoidal, 
the second being the shortest, and the teeth more or less squarish 
and stout. In Ophioceramis januarii (Lir&KEN), the peristomial 
plates are also double, but very small and transversely bar-like, 
the oral plates are very short and stout, the oral frames very 
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stout with well developed lateral wings, the basal vertebrie very 
short and diseoidal, the second being the shortest, and the teeth 
squarish and very stout. In all these representatives of the 
Ophiolepidine, the genital plate and radial shield artieulate with 
each other by means of two condyles and one pit on both the 
plates, and the genital plate and scale articulate with each other 


at some distanee inwards from the outer end of the latter. 


Astrophiura Sripen, 1878. 


Basal portion of arms very intimately united with the disk 
proper, so as to form with it a pentagonal “ asteroid” body, of 
which the dorsal surface is entirely covered over by the stout 
primaries and radial shields of the disk proper and by the dorsal 
and much widened lateral arm plates of the much modified arm 
bases. The interradial borders of the “asteroid” body are 
hemmed by a series of modified arm spines, which are soldered 
together. The basal lateral arm plates articulate with the vertebree 
by means of a bar-like ridge. Arms outside the ‘“ asteroid” body 
very abortive, without dorsal and ventral arm plates, without 
tentacles. Tentacle pores present only within the “asteroid” 
body, very large and arranged so as to form a pentamerous 
petaloid series. Ventral arm plates well developed, forming a 
continuous series, which extends only as far as the last tentaele 
pores. Oral shield single or five”; in the former case, it is the 
madreporite. Adoral shields long and narrow. Oral plates rather 
stout. A single dental plate is present at the apex of each jaw. 


Six or seven oral papille to each jaw, arranged in a single series, 





1) A. cavella Kener, 1915, has five oral shields. 
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situated deep within the oral.slits; apical two or three of them 
arise from the dental plate. ‘Teeth and dental papille proper not 
present. Interbrachial ventral surfaces covered by a thin skin, 
which contains fine, hyaline scales. Genital burse absent, genital 
slits invisible. Genital plates and scales entirely internal, very 
slender, those on the same side of a radius articulating with cach 
other at the end.  Peristomial plates absent. Oral frames very 
long. "Vertebre of the free arms more or less divided into halves 
by a moniliform longitudinal slit. 

I do not agree with Sr4pEN in the interpretation of certain 
structures of the body. SrapEN's “side mouth shields" are, in 
my opinion, genuine oral plates, and his ‘genital scales” true 
adoral shields, i.e. side mouth shields. Sraprw's “oral papilla” 
may be retained, if the meaning of these terms be extended to 
include the scales of the first oral tentacles. SLADEN's “ apical oral 
papilla ” or the “single tooth" in my preliminary paper is proved 
not to be a papilla or tooth, but to be the dental plate. The 
“septa” or “divisional plates of the ambulacral system” of 
SLADEN are, according to my own observations, not true plates, 
but merely ridges projeeting ventrally from the basal, or adradial, 
parts of the modified lateral arm plates, and bearing tentacle scales 


on the margin. 


Astrophiura kawamurai MATSUMOTO. 


Astrophiura kawamurai: MATSUMOTO, Annot. Zool. Japon, VIII, 1918, 
p. 225, Pl II, figs. 1 & 2. 


One specimen; Okinosé (a submarine bank), Sagami Sea; 
330 fathoms. 
Diameter of the pentagonal “ asteroid ° body 12 mm.; that of 
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the disk proper, or of the cirele passing through the outer 
ends of the radial shields, 7 mm. Length of the free portion 
of the arms 6 mm. Width of same near the pentagonal body 
0.4 mm. l 

The pentagonal “ asteroid ” body is very flat, covered entire- 
ly by the stout primary plates and radial shields of the disk 
proper and by the dorsal 
and lateral arm plates of 
the modified basal portion 
of the arms. The primary 
plates are the central, the 
five infrabasals, five basals, 
five radials and five first 
and five second inter- 
radials. The infrabasals, 
basals and interradials are 
elevated above the level 
of the central, radials and 
radial shields, so as to 


form a regular symmetric- 





al system of ridges. The 
Fig. 68. Astrophiura kawamurai x6. α, From 


central plate is ten-sided, ος NUM MS 


the sides corresponding to 

the infrabasals being longer than those corresponding to the 
basals. Infrabasals small, rectangular, wider than long. Basals 
pentagonal, with truncated inner angle, which abuts on the central 
plate, lateral edges concave corresponding to the radials, much 
longer than wide. First interradials rectangular, with concave 
lateral edges corresponding to the radial shields, much longer than 
wide. Second interradials large, pentagonal, with short and 


M 


orm 
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concave lateral edges corresponding to the radial shields, outer 
edges very long and concave corresponding to the first lateral arm 
plates, and terminating with α very acute outer angle. The 
elevated plates have slightly raised margins, so that the surface 
is concave.  Radials shaped like maiden hair, with a semicircular 
inner border and concave outer sides corresponding to the radial 
shields, and with an acute outer angle; longer than wide. Radial 
shields irregularly triangular, with perfectly rounded angles, convex 
inner and slightly concave outer borders; about as long as wide, 
hardly touching each other. Dorsal arm plates seven or eight in 
number, confined to the pentagonal body. ‘The first one is 
triangular, wider than long, smaller than but as wide as the next 
plate. The following plates, which become smaller outwards, are 
quadrangular, with truncated outer angles, wider without than 
within; the second to the fourth plates are wider than long. All 
the plates are in contact with one another, except the last one or 
two, which are very rudimentary and isolated. Within the 
pentagonal body, the lateral arm plates are much elongated 
laterally, with the width almost equal to the length of the 
corresponding arm joints, lightly bent outwards, striated parallel 
to the axis of elongation. They mect with the corresponding 
dorsal arm plates, except the first, which is separated from the 
first dorsal by the radial shield. The first lateral arm plates of 
the neighbouring radii are apposed to each other distally, outside 
the second interradial. The distal edges of the successive lateral 
plates form a continuous line, the interradial borders of the 
pentagonal body, which are slightly indented, and hemmed by a 
series of soldered papille, which are evidently the modified arm 
spines of the modified lateral arm plates. These papille are longer 
towards the middle of the interradial borders, where they are 
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about as long as the width of the corresponding lateral arm plates. 
There are three or four of them for each lateral plate. 

With the exception of the peripheral zone, the ventral surface 
of the interradial spaces of the pentagonal body is covered by a 
thin skin, which contains fine, close-set, polygonal or rounded, 
delicate, transparent scales. The peritoneal cavity and the genital 
glands can be seen through the skin, and apparently extend into 
the arm bases. The genital burse are absent and the genital 
openings are invisible. There is only one oral shield, the mad- 
reporite, which is irregularly triangular, and so transparent and 
small as to be almost invisible unless the specimen is dried, and 
distinguishable only with difficulty from the scales of the inter- 
brachial ventral surface, and is moreover separated from the 
adoral shields by a space. The adoral shields are long and very 
narrow, tapered within to a point, outer end joined to the first 
ventral arm plate, inner end free, longer than the first ventral 
plate. Oral plates large and stout, oblong quadrangular, with 
exceedingly short inner side, convex abradial and concave or 
nearly straight adradial side, much wider without than within, 
joined distally to the first ventral arm plate and proximally to 
each other along the proximal one-third of the abradial side. A. 
single dental plate is present in each jaw, quadrangular in ventral 
view with curved inner edge. There are six or seven papille to 
each jaw, arranged in a horizontal, continuous row, situated deep 
within the oral slits, and directed not laterally but upwards. The 
two or three apical ones arise from the dental plate, so that they 
may be regarded as dental papille, while the outer papilla lie 
just below the first oral tentacle pores and protect the latter, so 
that they may possibly be the tentacle scales of the samo. 

Ventral arm plates eight or nine in number, limited to within 
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the pentagonal body. The first one is very large, hastate, but 
with much rounded apex, lateral edges strongly concave corres- 
ponding to the second oral tentacle pore, and with an indentation 
at the outer edge, longer than wide, very wide without. Follow- 
ing plates, which become smaller outwards, quadrangular, with 
strongly concave lateral edges corresponding to the tentacle pore, 
with a saddle-shaped surface. They are closcly apposed to one 
another, except the last one or two, which are very rudimentary, 
rhomboidal and isolated. The tentacles are very large, uniformly 
diminishing in size and lying closer together as they proceed 
outwards, and arranged in a pentamerons petaloid series as a whole. 
The first pair of tentacles in ventral view arc homologous with 
the second oral tentacles of other ophiurans, because they are 
situated between the first ventral arm plate and the adoral shields 
and belong morphologically to the same arm joint with the latter. 
They are much larger than the other tentacles. The second pair 
are the true first arm tentacles. They belong to the same joint 
with the second ventral and the first dorsal and lateral plates. 
Each tentaele pore is provided with one or two scales, which are 
rather small, lanceolate, covered by skin, their coneave surface 
facing the tentacle pore, often turned up. The outermost and 
smallest tentacle pores have no scale. Each two successive tentacle 
pores are separated by a ridge of the basal or adradial part of 
the lateral arm plate, which belongs to the same joint with the outer 
of the two pores. l 

The free distal portion of the arms outside the pentagonal 
body is very abortive, exceedingly slender, uniformly tapered out- 
wards, entirely covered by the lateral plates and easy to break. 
There is a single, exceedingly small and acute arm spine on cach 


lateral plate; but in the first one or two free joints, there are 
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two or three spines. It may be observed in some radii, that tho 
lateral plates of the first free arm joint are in process of being 
absorbed into the pentagonal body. 

Colour in alcohol: whitish or light yellow ; central and radials, 
radial shields and inner part of the interradial spaces below bluish 
gray. 

This specimen was found attached to a stone by the ventral 
surface of the pentagonal body, in the same way as Chiton or 
Patella. 

The present species differs from the genotype, A. permira 
SLADEN from Madagascar, chiefly in the very regular arrangement 
of the plates on the dorsal surface of the pentagonal body as a 
whole, in the larger eontral plato, in the much smaller and quite 
regular infrabasals, in the much narrower basals and interradials, 
in the infrabasals, basals and interradials being elevated so as to 
form a regular symmetrical system of ridges, in the scarcely - 
joined and not overlapping radial shields, in the absence of the 
central boss on tho primary plates, in the very regular and much 
narrower dorsal arm plates, in the much smaller and rather incon- 
spicuous madreporie shield, in tbe longer adoral shields, in the 
oral plates, being somewhat narrower and in contact to a less 
extent, in the perfectly saddle-shaped ventral arm plates and in 
the much narrower free portion of the arms. Further, this species 
differs from Cuun’s Astrophiura from Agulhas Bank, which is not 
yet named, chiefly in the smaller and regular infrabasals, in the 
narrower basals and interradials, in the elevated infrabasals, basals 
and interradials, in having two, instead of three, sets of intor- 


radials”, in the not overlapping radial shields, in the absence of 





1) The presence of two or three sets of interradials may not be of specific value, because 
KamLER has observed both cases in his A. cavella. 
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the central boss on the primary plates, in the much narrower 
dorsal arm plates and in the much narrower free portion of the 
arms. Lately, K«nrEn has described A. cavelle from the vicinity 
of the Cape of Good Hope, from whieh the present species differs 
chiefly in the much shorter and smaller infrabasals, in the much 
narrower basals and interradials, in the radials being not distinct- 
ly pentagonal but shaped like maiden hair, in the scarcely joined 
radial shields, in the absence of the central boss on the primary 
plates, in the much narrower dorsal arm plates, in the much 
smaller madreporic shield, in the absence of the ordinary oral 
shields, in the longer adoral shields, in the oral plates being in 
contact to a less extent, and in the much narrower free portion 
of the arms. On the whole, A. permira, A. cavelle and Crun’s 
Astrophiura (there is some possibility that it belongs to one of 
the two first mentioned species) appear to me to be nearer to 
one another than any of them is to the present species. This 
fact may be correlated with the geographical separation of the 
present species from the others, which occur near together. 


Haplophiura Matsumoto, 1915. 


Disk high, much elevated above the arm bases, covered with 
rather large plates, among which the primaries are very prominent. 
Radial shields stout, joined in pairs. Interbrachial ventral surfaces 
covered with fine granules. Genital slits indistinct. Oral papillae 
soldered together. Teeth in a single vertical row. Dental papille 
absent. Arms short, stout. Arm plates convex. First ventral 
arm plate larger than the following. Few, very small arm spines. 
Tentacle pores, including the second oral tentacle pore, which 
opens outside the oral slit, entirely free of scales. 
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This genus is formed by a single species, Ophiozona gymnopora 
Crank, 1909. 


Revision of Ophiura Lawancz, 1816 (=Ophioglypha Lyman, 1865). 


As Ophiura s. ext. is a very large and diffuse genus, the 
necessity for subdivision is admitted by many authors. Lupwice 
proposed to divide it into two genera according to the presence 
or absence of the arm combs. But his type of Ophioglyphina is, 
in my opinion, merely a typical Ophiura. Wonter tried to 
divide this genus into two sections according as the second oral 
tentacle pores opened more or less within the oral slits or entirely 
outside it. In my opinion, the position of the pores in question 
is not of such value, though it is of some importance in making 
subdivisions of Ophiura s. ext. I cannot agree with those authors 
who try to subdivide this genus by only one or two characters ; 
all characters should be taken into account. From this point of 
view, I have come to the conclusion that Lyman’s subdivisions 
may be accepted in principle. I propose here to divide Ophiura, 
as hitherto understood, into a number of genera, which may be 
distinguished as follows. 

A—Adoral shields not oval but long; no supplementary plates among 
the oral plates and adoral shields; genital papille always, and arm 
combs usually, present. 

a—Disk high, covered with very stout plates or very thick scales; 
arms higher than, or as high as, wide, also covered with very 
thick, heavy arm plates. 

b—Disk covered chiefly or only with very stout primaries and radial 
shields ; interbrachial ventral surfaces almost entirely occupied by a 


very stout central plate, besides the very heavy genital scales. 
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c—Disk flat; oral papille soldered together; arms consisting of long, 
knobby joints; dorsal arm plates rudimentary or absent, ventral arm 
plates very small, both being widely separated from one another ; 
tentacle pores limited to several basal arm joints, very small; those 
beyond the second oral pores with a single tentacle scale or without 


Ην conc comMeeonoed dU ono SE ο. 955) 0m Du T 





cc—Disk convex; oral papille not soldered together; arms consisting 
of short, stout joints; dorsal and ventral arm plates not very rudi- 
mentary, both being in contact with one another at least in several 
basal arm joints; tentacle pores present nearly throughout the entire 
length of the arms, large, with rather numerous scales............ 


IRE Co m MEME Uc E DUIS pesce. 


bb—Disk, as well as interbrachial ventral surfaces, covered with numerous 
plates or scales ; 
d—Arms not very short, not very high but cylindrical, gradually 
tapered outwards, with blunt extremity; a few, or sometimes 
numerous, arm spines, arranged in a single row, well spaced.... 
ΠΠ Duende ccc “προ ρα 
dd—Axms very short, very high, higher than wide, very stout at the 
base, rapidly tapered outwards, with very aente extremity ; numerous 
arm spines, very often dimorphic and arranged in two rows...... 
"ue «δος νο ee . Stegophiura. 


aa—Disk low and flat, covered with rather thin and delicate plates or 
scales; arms low, being much lower than wide, or cylindrical, being 
nearly as wide as high, covered with not very thick arm plates; 
ventral axm plates small, much wider than long, usually separated 
from one another even in the axm bases; tentacle pores, except the 
innermost one or two, very small, witli only a few scales. ...... 


οπλο PE ον εν ccecaecee...Homalophiura & Ophiura restr.? 


1) Cranx, 1915, has established Iomalophiwra, removing a number of species from Ophiura 

as diagnosed in my preliminary paper. The two genera may be distinguished as follows. 
«'—Disk scales rather few and coarse, the primaries being stout and conspicuous; second oral 
tentacle pores opening entirely outside the oral slits; tentacle pores confined to two or 


MONOGRAPH OF JAPANESE OPHIUROIDEA. 249 


-L4—Adoral shields oval; one to three supplementary plates present 
among the oral plates and adoral shields; genital papillae and arm 


conibsEbsentae eer e ο Ophiurolepis. 


Aspidophiura Marsumoro, 1915. 


Disk rather high, flat, covered chiefly by the very stout 
primaries and the very large radial shields, which are joined in 
pairs almost by their entire length. Arm combs present, with 
conical and acute papille. Interbrachial ventral surfaces covered 
with a very large central plate, besides the very stout genital 
Scales. Oral shields large, peculiar in shape, with a beak-like 
inner process. Oral papille soldered together. Arms strongly 
knotted, with long arm joints. Dorsal arm plates rudimentary or 
absent. Lateral arm plates well developed, flared; those of the 
two sides meeting both above and below. Ventral arm plates 
small, rhomboidal or triangular. Three arm spines, conical, usual- 
ly acute. Tentacle pores rather rudimentary, present only in 
several proximal arm joints. A single tentacle scale to cach pore 
or none beyond the second arm joint. 

This genus includes Ophioglypha minuta Lyman, 1878, and O. 
forbesi Duncan, 1789 (= Ophiura glyptodisca Crsnx, 1911), besides 
the genotype, Aspidophiura watasei Marsumoro, 1915. l 

This genus stands rather between the solida-group of Am- 


phiophiura and Anthophiura, ‘but differs from the former in the 





three basal arm joints; first ventral arm plate axe-shaped, separated from the next 

μμ a = cei sss DOR E ο ορ ος ο T A ees Homalophiura, 
aa!—Disk scales usually numerous and fine; second oral tentacle pores opening more or less 

inside the oral slits; tentacle pores not confined to a few basal arm joints; first ventral 

arm plate usually wider than long, and usually in contact with the next plate.. 

οοερουση οὐ οοοσσσπσαοσαροσοοσοσοαααοροραυοσασοςοαπαανοσορρσοσοοροσώροσρ ας Ophiura, seat, 
In my opinion, Homalophiura is close to the irrorata-group of Ophiura, being however more 

pedomorphie in certain structures. 
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flat disk, in the peculiar shape of the oral shields, in the soldered 
oral papille, in the rudimentary dorsal, as well as ventral, arm 
plates, in the very small tentacle pores, which are limited to 
the proximal arm joints, and in the very few tentacle scales ; and 
from Anthophiura in the entire central plate and in the presence 
of the genital scales and arm combs. 


Key to Japanese species of Aspidophiura. 

A—The six primaries each with a small but conspicuous central boss; 
radial shields about as large as the radials; ventral arm plates 
rapidly diminishing in size outwards; arm spines longer than half 
the corresponding arm joint; no tentacle scale beyond the disk.... ` 
ον ο οσα ντο. Ee ος 

AA—The six primaries without a central boss; radial shields distinctly 
larger than the radials; ventral arm plates very slowly diminishing 
in size outwards; arm spines shorter than balf the corresponding 
arm joint; single tentacle scale to each pore beyond the disk.... 


5 CER TRE uo one d MEET E SESS oso Forbesi. 


Aspidophiura wataset Matsumoto. 

Aspidophiura watasei: Marsumoro, Proc. Acad. Nat. Sci. Philadelphia, 
1915, p. 77. 

One specimen; off Misaki, Sagami Sea. One specimen; 
Uraga Channel. 

Diameter of disk 5mm. Length of arms unknown, but 
probably about twice the disk diameter. Width of arms at base 
1.9 mm. 

Disk circular, very flat. The area inside the radial shields is 
mostly oceupied by the six stout primary plates, and the inter- 
radial spaces of the dorsal surface cach by two stout plates. The 
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pentagonal central, and the 
hexagonal radials have each a 
small but conspicuous, mamelon- 
shaped central boss. Central 
somewhat smaller than the 
radials. The first interradials 
are pentagonal, or quadrangular 
with irregular inner edge, about 
as long as wide, wider within 
than without, a little smaller 


than the radials, but larger than 





the second interradials, which 


are quadrangular, wider than Fig. 69. Aspidophiura watasei. x8. a 
From above. b. From below. c. Side view 


long, and wider without than of three arm joints near disk. 


within. Radial shields about as 

large as the radials, as long as wide, irregularly triangular, with 
convex abradial side, apposed to each other by their entire length. 
At the meeting points of the radials, first interradials and radial 
shields, a very small, thick, convex plate is present, and may be 
duplieated. Radial seales of moderate size, semilunar, with acute, 
needle-like comb  papille. Interbrachial ventral surfaces entirely 
covered over by the large, stout genital scales and a very large, 
stout plate. Genital slits widened at the inner end, bounded by 
minute, rather well spaced papille. 

Oral shields large, stout, triangular as a whole, with widely 
rounded outer angles and obtuse inner angle, and convex outer and 
lateral sides, the latter with a blunt notch near the inner end, 
corresponding to the genital slit; about as wide as long, wider 
without than within. Adoral shields narrow, of uniform width, 
meeting with each other. Five oral papille. on’ either side, 
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squarish, wider than long, soldered together. Teeth short, rather 
triangular, stout. 

Arms tapered rather rapidly. Dorsal arm plates triangular, 
with acute inner angle and very convex outer side, about as wide 
as long, surface very convex. They extend nearly to the extremity > 
of the arms, where they are very rudimentary. Lateral arm 
plates well developed, conspicuously flared, very convex, meeting 
both above and below. First ventral arm plate rhomboidal, not 
very small, as long as wide, inner sides longer than the outer. 
The second plate, which is the largest, is triangular, with very 
convex outer side, much wider than long. Those beyond similar 
to it but smaller, constantly diminishing in size outwards. Three 
arm spines, needle-like, acute, well spaced; the middle one longer 
than the rest, and about two-thirds as long as the corresponding 
arm joint. Second oral tentacle pore opening entirely outside the 
oral slit, bounded by about four scales both on the abradial and 
adradial border. Tentacle pores eight or nine pairs to each arm, 
very small, destitute of any scales, or a small one may be present 
on the adoral side in the basal joints. 


Colour in aleohol: disk yellowish gray above and white below ; 
arms white. 


In the specimen from the Uraga Channel, the disk is covered 
over only by the primaries and radial shields, without any inter- 
vening smaller scales; and the central bosses of the six primaries 
are nob very conspicuous. 

This species differs from A. minuta (Lyman) in the presence 
of a central boss on the central and radials, in the well developed 
arm combs, in the presence of the dorsal arm plates, and 
in the strongly flared lateral arm plates; and from A. forbesi 
(Duncan) in the presence of a central boss on the six primaries, 
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in the relatively larger radials, in the fower aud smaller intervening 
scales, in the shape of the first, as well as second, interradials, in 
the shape of the first ventral arm plate, in the ventral arm plates 
diminishing in size more rapidly outwards, and in the larger arm 
spines. 


Aspidophiura forbesi (DUNCAN). 
Ophioglypha forbesi: Duncan, Journ. Linn. Soc. London, XIV, 1879, 
p. 449, Pl. IX, figs. 1-8; Lvwaw, Rep. Challenger, V, 1882, p. 77; KEHLER, 
Bull. Sei. Fr. Belg, XXXI, 1898, p. 63; Kanter, Res. Exp. Siboga, XLV, 
Pt. 2, 1905, p. 22. 
Ophiura glyptodisca : Crank, Bull. U. S. Nat. Mus, LXXV, 1911, p. 
91, fig. 31. 


Korean Sea; 51-59 fathoms (Duncan, CLARK). 

Indian Ocean and Malaysian waters. 

Comparing Duncan’s and Cranx's descriptions and figures, I 
can not find any tangible characters, by which Oráank's species 
is distinguished from Duncan’s. I therefore look upon the latter 
as a synonym of the former. The difference in the number of 
secondary disk scales, which is the only one I can recognise, 
appears to me to be due merely to the fact, that Crank’s type is 
slightly larger than Duncan’s. 


Stegophiura Marsumoro, 1915. 


Disk high and arched, covered with thick plates or scales, 
among which the primaries are conspicuous. Radial shields stout, 
more or less joined in pairs. Genital papille and arm combs well 
developed ; papilla of the latter long, usually spiniform. Oral 
shields large, oval or pyriform. Arms very short, stout, higher 


254 ART. 2.—H. MATSUMOTO : 


than wide at the base, tapering outwards very rapidly, with very 
acute extremity. Dorsal arm plates very well developed, widely 
in contact with one another. Lateral arm plates high. Ventral 
arm plates quadrangular, widely in contact with one another. 
Numerous arm spines, short, spiniform or peg-like, often dimorphic 
and arranged in two rows. Tentacle pores very large, with very 
numerous scales. 

This genus includes Ophiura nodosa LurKeN, 1854, O. stuwilzii 
1ὔπκεν, 1857, Ophioglpyha elevata Lyman, 1878, O. sculpta Duncan, 
1879, O. sladeni Duncan, 1879 (—Ophiura stiphra Crank, 1911) 
O. striata Duncan, 1879, O. sterea Crank, 1908, Ophiura brachyac- 
tis Cuan, 1911, &e., besides Stegophiura vivipara Matsumoto, 1915, 


the first species being the genotype. 


Key to Japanese species of Stegophiura. 


A—Aim spines subequal, arranged in a single series. 
a—Oral shields very large, almost entirely covering tho inter- 
brachial ventral surfaces, quite reaching to the disk margin; arm 
spines minute, flat, fitting into small notches on the inner margin 
Olguiemsucceedine) lateral arni piuie ene nines striata. 
aa.—Oral shields not very large, not reaching to the disk margin; arm 
spines spiniform, acute, free of notches. 
b.—Radial shields of the same radius overlapping each other; oral 
shields pear-shaped ; seven or eight arm spines, including the tentacle 
scales, which aro indistinguishable from the spines........ vivipara. 
bb.—Radial shields not overlapping, but joined in pairs; oral shields 
poniaconal teichit armispinesme ae DELE EE E sculpta. 
AA.—Arm spines dimorphic, arranged in two rows. 
c.—Arm spines well spaced, not soldered together. 


d.—Comb papille not very numerous, short, flat, blunt; three to six 
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arm spines, two of which are larger and longer than the rest, which 


SYGOVORVEI UG '''.. ο ο ο Rer SIE ees nodosa, 


dd.—Comb papillie very numerous, spiniform, acute, but becoming blunter 
and more flattened as they pass downwards; secondary comb 
papille present, arising from the dorsal aud lateral arm plates of 
the arm base; about five primary arm spines, which are more or 
less erect, and about ten secondary ones, which lie flat on the arm, 
are present on each lateral plate of the free basal arm joints. . 


ο. να, ....--..,»-νονοώοσοώσώνὯς sterea. 


cc.— Very numerous arm spines, of which the secondary ones, which lie 


flat on the arm, are soldered together. 


e.—Three erect primary arm spines, two of which are placed low down 
and one high up; between the lower two primary spines lies the 
lowest secondary spine, which is very large and squarish; comb 
papille very numerous, spiniform, acute, but becoming blunter and 
more flattened as they pass downwards; secondary comb papille 
present, arising from the dorsal and lateral plates of the arm 


lores s oral Ποιο... sladeni. 


ee.—'Two erect primary arm spines, one of which is placed low down 
and the other high up; comb papille flat and blunt; oral shields 


pear-shaped, much longer than wide.................. brachyactis. 


Stegophiura striata (DUNCAN). 


Ophioglypha striata : Duncan, Journ. Linn. Soc. London, XIV, 1879, p. 
452, Pl. IX, figs. 4-5a; LYMAN, Rep. Challenger, V, 1882, p. 77. 
Sondai Bay, Korean Sea (Duncay). 


Stegophiura vivipara MATSUMOTO. 


Stegophiura vivipara : MATSUMOTO, Proc. Acad. Nat. Sci. Philadelphia, 
JS, e. 8. 
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Numerous specimens; Sagami Sea. Numerous specimens ; 
Sagami Sea; 75-100 fathoms. 

Diameter of disk 6mm. Length of arms 13mm. Width of 
arms at base 1.5 mm. 

Disk pentagonal or circular (especially when the animal con- 
tains many embryos), convex, covered with fifty to sixty plates 
on the dorsal side, including the radial shields. Central plate 
pentagonal. Five radials also pentagonal, directly surrounding the 
central plate, laterally overlapping each other. In each inter- 
radial space of the dorsal side, there occurs a large squarish 
plate, wider than long, and in 
contact with the radial shields. 
The latter are irregular in out- 
line, about as long as wide, one 
of a pair overlapping the other, 
instead of being apposed to cach 
other in the radial line. On the 
ventral side of the disk, the 
plates are rounded and knob- 
like, with furrows between; 
outer ones larger. Genital papillee 
blunt, close-set ; longer outwards 
and upwards, where they form 





small arm combs. 
Oral shields pear-shaped, 


Fig. 7O. Stegophiura vivipara. x8. «a. From 
above. b. From η; ο, Side view of three much longer than wide, wider 
arm joints near disk. 

without than within, with acute 
inner angle and perfectly rounded outer border. Adoral shields 
large, meeting within along their whole width. Five oral papille 


on either side, squarish, very short, wide, close-set. A pair of 
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infradental papillae at the apex of each jaw. much longer and 
stouter than the other oral papille and rather obtusely pointed. 
Five teeth, very small, close-set, obtusely pointed. 

Arms very short, stout, tapered rapidly outwards. Dorsal arm 
plates fan-shaped, about as long as wide, convex dorsally. Lateral 
arm plates convex, those of the two sides separated both above 
and below in the basal arm joints. First ventral arm plate large, 
triangular, with obtuse inner angle and convex outer side, wider - 
than long. The following plates are octagonal, with very short 
inner lateral and outer lateral sides, the former concave at the 
tentaele pores; wider than long, wider without than within. From 
the sixth or seventh outwards, the plates are longer than wide, 
hexagonal, with very short inner and inner lateral, concave lateral 
and very convex outer sides. Seven or eight arm spines, including 
the tentacle scales, in the free basal joints, fine, conical, short; 
middle ones longer than the upper and lower ones, and about 
half as long as the corresponding arm joint; diminishing in number 
outwards. The lower spines are much finer and serve as tentacle 
scales. The second oral tentacle pore is very large, opening outside 
the oral slit, bounded by three or four scales on both the abradial 
and adradial sides. The tentacle pores are also large, and bounded 
in the basal joints by one to three aboral scales, besides the lower 
arm spines on the adoral side. 

Colour pale gray in aleohol. 

The arm length varies from one and a half to two 
and a half times of the disk diameter. The disk plates, in- 
cluding the primaries, are often very irregular in size and 
arrangement. One monstrous specimen has six arms, of which 
two arise from a common base, corresponding to a pair of radial 
shields. 
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This species is viviparous. I once dissected out twenty-four 


embryos of various sizes from a single adult. 


Stegophiura sculpta (DUNCAN). 


Ophioglypha sculpta: Douxcan, Journ. Linn. Soc. London, XIV, 1879, 
p. 455, Pl. IX, figs. 6-8, Pl. XI, fig. 35; Lyman, Rep. Challenger, V, 1882, 
jos ME 

Ophiura sculpta : Crank, Bull. U. S. Nat. Mus, LXXY, 1911, p. 73. 

Korean Straits; 23 fathoms (DuxoaN) Eastern Sea; 95-139 
fathoms (Oramx). Off Honshü; 31-41 fathoms (Cramx). 


Stegophiura nodosu (ΠΌΤΚΕΝ). 


Ophiura nodosa: Τῦτκεν, Vid. Meddel, 1854, p. 6; LüÜüTKEN, Addit. 
ad Hist. Oph., I, 1858, p. 48, Pl. IL fig. 9; Grime, Fauna Arctica, I, 1900, 
p. 263; Ολες, Bull U.S. Nat. Mus, LXXV, 1911, p. 70, fig. 20. 

Ophioglypha nodosa: Tiyan, Ill. Cat. Mus. Comp. Zool, I, 1865, p. 
49; Lyman, Rep. Challenger, V, 1882, p. 78; Ιά4ΠΠΕΗ, Rés. Camp. Sci. 
Monaco, XXXIV, 1909, p. 164, Pl. XXVI, fies. 7 ἃ 8. 

Okhotsk Sea; 40-109 fathoms (Crank). 


Bering Sea. Off Alaska. Arctic Ocean. 


Stegophiura sterea (CLARK). 


Ophioglypha sterea : Crark, Bull. Mus. Comp. Zool, LI, 1908, p. 243. 

Ophiura sterea: Crank, Bull. U.S. Nat. Mus, LXXY, 1911, p. 75, 
fig. 22. 

Numerous specimens; Okinosé (a submarine bank), Sagami 
Nea; 83 fathoms. Numerous specimens; Uraga Channel; 35 


fathoms. One specimen; Namerigawa, Etehü. 
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Uraga Channel, 70-88 fathoms (CLARK). Suruga Gulf; 124 
fathoms (Cuark). Off Kii; 191 fathoms (Crank). Sea of Japan; 
70-114 fathoms (Crank) Off Korea; 82 fathoms (Crank). Off 
Honshü; 57-81 fathoms (Crank). 

The primary arm spines stand out more or less at right angles 
to the arm axis, and are conical ‘and longer and stouter than the 
secondary ones; they are five in the free 
basal arm joints. The secondary arm spines 
are very fine, conical, rather well spaced, nine 


to eleven in number in the free basal arm 





joints. Both the primary and secondary arm Fig. 7l. Stegophiura 


spines diminish in number outwards, the latter ο ΙΙ 
n an arm base. x8. 
more rapidly, so that there are only three 


primary and no secondary spines in the distal arm joints. 


Stegophiura sladeni (DUNCAN). 


Ophioglypha sladeni: Duxcax, Journ. Linn. Soc. London, XIV, 1879, 
p. 458, Pl. IX, fies. 9-11; Lyman, Rep. Challenger, V, 1882, p. 77. 

Ophiura stiphra : Crank, Bull. U. S. Nat. Mus, LXXY, 1911, p. 82, 
fig. 25. 

Numerous specimens; Okinosé (a submarine bank), Sagami 
Sea; 83 fathoms. Numerous specimens; Uraga Channel; 35 
fathoms. 

Off Osé Zaki, Suruga Gulf; 65-125 fathoms (Crank) Off 
Kagoshima Gulf; 103-152 fathoms (Crank) Korea Strait; 66 
fathoms (Carn). Sea of Japan; 44-47 fathoms (Cranx). Off 
Honshà; 45-70 fathoms (CLARK). 

The primary arm spines are erect, conical, acute, three in 
number, one just above the uppermost secondary spine, one just 


above and the other just below the lowest secondary spine, which 
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is extremely wide and squarish. The secondary arm spines, which 
lie flat on the arm, are squarish, flat, close-set, mostly soldered 

- together, smaller upwards, sixteen to eighteen 
in number in the free basal arm joints; they 
increase in number with the growth of the 


animal, so that they are fewer towards the 





extremity of the arm, as expected from the 


Fig το. En law of localised stages. 


sladeni. Side view of 


Duncan does not mention the size of the 
an arm base. x5. B 


iype specimen, but judging from the magnifi- 
cation of his figures, the disk diameter must be about 5 mm. 
Now, my specimens of corresponding size well agree with Duncan’s 
description and figures. In these young specimens, the lowest 
secondary arm spine is not very distinctly large, and the secondary 
arm spines and tentacle scales are apparently similar, forming a 
continuous series. Again, in Duncay’s fig. 11, the primary arm 
spines are shown to stand apart from the series of the secondary 
arm spines; but this is probably due to inaccuracy of observa- 
tion or drawing. As to the specific identity of the full grown 
specimens at hand with Ophiura stiphra Crang, there is no doubt. 
Thus, my conclusion is that, Ophioglypha sladeni and Ophiura 
stiphra are merely different stages of one and the same species, 


the former name having priority. 


Stegophiura brachyactis (CLARK). 


Ophiura brachyactis: Οτλτκ, Bull U.S. Nat. Mus., LXXV, 1911, p. 
87, fig. 28. 
Off southern Saghalin ; 75-100 fathoms (Cran). 
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Amphiophiura Marsuworo, 1915. 


Disk high and arched, covered with very thick plates or 
scales, among which the primaries are very conspicuous. Radial 
shields stout, joined in pairs. Genital papille, as well as papillae 
of arm combs, well developed, either spiniform or squarish. Oral 
shields very large, oval, pyriform or trefoil-shaped. Arms moderate- 
ly long, stout, cylindrical or higher than wide at the base, very 
gradually tapered outwards, with blunt extremity. Dorsal arm 
plates usually well developed, widely in contact with one another 
in the free basal part of the arms. Lateral arm plates high. 
Ventral arm plates of the basal arm joints quadrangular or axe- 
shaped, in contact with one another. One to numerous arm 
spines, short, peg-like. Tentacle pores large, with numerous scales. 

This genus includes (1) species with very large oral shields, 
which almost entirely cover the interbrachial ventral surfaces, viz. 
Ophioglypha bullata Wrvitte Tomson, 1873 (the genotype), O. 
convexa Lyman, 1878, O. abdita Kanner, 1901, O. insolita Kanter, 
1904, O. improva Kanter, 1904; (2) species with the interbrachial 
ventral surfaces covered over by a very large central plate and very 
stout genital scales, viz. O. solida Lyman, 1883, O. stellata STUDER, 
1883 (1882), O. scutata Lyman, 1883, O. paupera Karen, 1897, O. 
sordita Kauuenr, 1897, O. liberata Kanter, 1904, O. urbana KEHLER, 
1904, O. remota K«anren, 1904, O. latro Kanuren, 1904, Ophiura 
adiplax CLARK, 1911, O. pompophora Crank, 1911 ; (3) species with the 
interbraehial ventral surfaces covered with many small plates or 
scales, and with quadrangular ventral arm plates, viz. Ophioglypha 
sculptilis Lyman, 1878, O. lacazei Lyman, 1878, O. lapidaria LYMAN, 
1578, O. undata Lyman, 1878, O. ponderosa Lyman ,1878, O. prisca 
KænLER, 1904, O. laudata Kener, 1904, O. distincta Kamen, 
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1904, Ophiura megapoma Crank, 1911, O. penichra Crank, 1911, 
O. hadra Cuanx, 1911; (4) species with the interbrachial ventral 
surfaces covered with many small plates or scales, and with axe- 
shaped ventral arm plates, viz. Ophioglypha radiata Lyman, 1878, 
O. ornata Lyman, 1878, O. abcisa LürkEN & Mortensen, 1899, 
O. obtecta Listken & Mortensen, 1899; besides others. 

As above indicated, the present genus is divisible rough- 
ly into four sections, of which the first rather approaches 
Ophiopyrgus, the second Aspidophiura, the third Stegophiura and 
Gymnophiura, and the fourth Ophiura s. str. 


Key to Japanese species of Amphiophiura. 


A.—Interbrachial ventral surfaces entirely covered over by the very 
large oral shield; central rosette of the central plate, radials and 
interradials very conspicuous; dorsal, as well as ventral, arm plates 
widely in contaet with one another; three arm spines, short, conical, 
"νυ ΝΗ, ΜΡ... conveza. 

AA,.—Interbrachial ventral surfaces not entirely covered over by the oral 
shields. 

a—Each interbrachial ventral surface covered with a very large central 
plate and very stout genital scales. 

b.—Disk covered only by the primaries and radial shields; dorsal, as 
well as ventral, arm plates longer than wide; a single very short 


arm spine ediplax. 


bb —Disk covered by the primaries and radial shields and a number of 
secondary scales; dorsal, as well as ventral, arm plates wider than 
long; three peg liko arm βρῖποβ.................... pompophora. 
aa.—Interbrachial ventral surfaces covered with many small plates or scales. 
c.—Comb papille squarish, flat, close-set. 
d.—Oral shields not very narrow; arm spines peg-like or spiniform, 


not very numerous, not close-set. 
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e.—Single arm spine; tentacle scales present on both sides of the pore ; 
ον οποια τοσο ers nMISS EIE πο ο penichra. 

ee.—Four or five arm spines; tentacle scales present only on the inner 
abradial border of the pore; oral angles often beset with a few 
ος cC gr eR ον EU eir megapoma. 

dd.—Oral shields very narrow ; arm spines very numerous, squarish, flat, 
close-set ; genital papille present also on the outer abradial border 
of the adoral shield ; disk plates convex and lumpy...... ponderosa. 

ce.—Comb papille spiniform, acute, well spaced, though they become 
shorter, wider, blunter and more close-set downwards. 

/—Disk covered with numerous small scales besides the primaries, 
which are separated from one another; oral shields rounded pen- 
tagonal, with a very acute inner angle; five well spaced arm 
μα ο ακους απο ο e e E E a sculptilis. 

Jf——Disk covered with a few secondary plates besides the primaries, 
which form a central rosette; oral shields trefoil-shaped; thirteen 


ο; τοιπίροη πα .πριπο5......................»...'.ἑ-Ώ.... lapidaria. 


Amphiophiura convexa (LYMAN). 


Ophioglypha convexa : Lyman, Bull. Mus. Comp. Zool, V, 1878, p. 84, 
Pl. III, figs. 88 & 84; Lyman, Rep. Challenger, V, 1882, p. 58, Pl. VI, 
figs. 18-15; Lyman, Bull. Mus. Comp. Zool, X, 1883, p. 943, Pl. IV, figs. 
40-45; KEHLER, Bull. Sci. Fr. Belg., XLI, 1907, p. 293; KEHLER, Rés. 
Camp. Sci. Monaco, XXXIV, 1909, p. 149, Pl. XXV, figs. 1& 2; KŒHLER, 
Bull. U. S. Nat. Mus, LXXXIV, 1914, p. 12. 

Western North Pacific (type locality); 2,050-2,300 fathoms 
(Lyman). 


Off western Africa. Caribbean Sea. 


Amphiophiura cediplax (Crank). 


Ophiura cediplax: CLARK, Bull. U.S. Nat. Mus, LXXV, 1911, p. 74, 
fig. 91. 
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Sea of Japan; 176-245 fathoms (CLARK). 


Amphiophiura pompophora (CLARK). 


Ophiura pompophora: CLARK, Bull. U.S. Nat. Mus, LXXV, 1911, p. 
89, figs. 29 & 30. 


Off Suno Saki, Sagami Sea ; 89-158 fathoms (CrAnx). Eastern 
Sea; 181 fathoms (Crank). 


Amphiophiura penichra (CLARK). 


Ophiura penichra: Οτλεκ, Bull. U. S. Nat. Mus., LXXV, 1911, p. 84, 
fig. 26. 
Off Kushiro, Hokkaidó ; 175-464 fathoms (Oranx). 


Amphiophiura megapoma (CLARK). 


Ophiura megapoma: Crank, Bull U.S. Nat. Mus, LXXV, 1911, p. 
79, fig. 23. 
Off Noto, Sea of Japan; 114-163 fathoms (CLARK). 


Amphiophiura ponderosa (LYMAN). 


Ophioglypha ponderosa: LxMAN, Bull Mus. Comp. Zool, V, 1878, p. 
93, Pl. II, figs. 52-54; Lyman, Rep. Challenger, V, 1882, p. 69, Pl. ΥΠ, 
figs. 7-9. 

Ophiura ponderosa: CLARK, Bull. U.S. Nat. Mus, LXXV, 1911, p. 
7I. 

Sagami Sea ; 345 fathoms (Lyman). Off Omai Saki; 475-505 
fathoms (CLARK). Okhotsk Sea; 75-440 fathoms (CLARK). 

Alaska. California. i 
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Amphiophiura sculptilis (Lxuax). 


Ophioglypha sculptilis: Lxmax, Bull. Mus. Comp. Zool, V, 1878, p. 
84, Pl. IV, fies. 115 ἃ 116; Lymax, Rep. Challenger, V, 1882, p. 59, PI. 
VI, fies. 16-18; KEHLER, Ann. Sci. Nat. Zool, Sér. 8, IV, 1897, p. 301; 
KaHLER, Ech. Indian Mus., Deep-sea Oph., 1899, p. 20; Kaunrzn, Bull. U. S. 
Nat. Mus., LXXXVI, 1914, 1914, p. 24. 

Ophioglypha variabilis: Lyman, loc. cit, 1878, p. 85, Pl. ΠΠ, figs. ΤΟ, 
78 & 79; Lyman, loc. cit, 1882, p. 60, Pl. VI, figs. 10-12. 


Ophiura sculptilis: Οτλεκ, Bull. Ὁ. S. Nat. Mus, LXXV, 1911, p. 77. 

Off Bóshü; 1,875 fathoms (Lyman). Off Yaku-shima ; 1,008 
fathoms (CLARK). 

Indo-Pacific and Atlantic. 


Amphiophiura lapidaria (LYMAN). 


Ophioglypha lapidaria: ymax, Bull Mus. Comp. Zool, V, 1878, p. 
90, Pl. IO, figs. 67-69; Lyman, Rep. Challenger, V, 1882, p. 66, Pl. VII, 
figs. 16-18. 


Off Omai Zaki; 565 fathoms (Lyman). 


Gymnophiura (LürkeN & Mortensen, 1899) mihi, 1915. 


Disk high, covered by a soft skin, but partially with fine 
scales. Radial shields small, narrow, bar-like, widely separated 
from one another. Genital papille, as well as papille of arm 
combs, short, flat, squarish, close-set. Oral shields not very large, 
hour-glass-shaped. Arms rather long, stout, cylindrical. Dorsal, 
as well as ventral, arm plates well developed, widely in contact 
with one another. Lateral arm plates high, bearing seven or 
eight short, peg-like spines. ‘Tentacle pores very large, with 
numerous scales. 
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This genus contains a single species, G. mollis LürkEN ἃ 
Mortensen, 1899. 

Lurken & Mortensen have established the present genus to 
include two species, ie. G. mollis and Œ. celurescens LUTKEN & 
Morrensen, 1899. As far as I can judge, the two species are 
not so closely related to each other as to justify their inclusion 
in the same genus, unless Ophiura in a very wide sense be made 
to serve for it. Judging from the original description and figures, 
G. cclurescens appears to be conspecific with, or at least very 
closely related to, Ophiura flagellata, which is evidently a typical 
member of Ophiura. The genotype, G. mollis, however, rather 
reminds us of such species as Amphiophiura ponderosa, A. hadra, A. 
penichra, &e., by its high disk, cylindrical arms and especially by its 
squarish and flat genital, as well as comb, papille, The characters, 
by which G. mollis is distinguished from the above mentioned 
species of Amphiophiura, are the naked disk and the narrow and 
bar-like radial shields, which are widely separated from one an- 
other I am inclined to look upon the two peculiarities of o 
_ mollis as the essential characters of the present genus. 


JIomalophiwura clasta CLARK. 


Ophiura clasta: CLARK, Bul. U.S. Nat. Mus, LXXV, 1911, p. 64, 
fig. 16. 


Homalophiuro clasta : Onank, Mem. Mus. Comp. Zool, XXV, 1915, 
p. 326.5 


Off Omai Zaki; 507—918 fathoms. 


Ophiura (Lamarcg, 1816) restr. 


Disk low and very flat, covered with rather small, imbricating 


1) lfomalophiwra Crank, 1915, is stated by C. to include OpAioglypha inortata Lyman, 1878 
(the genotype), O. confragosa Lyman, 1878, O. intorta Lyman, 1878, O. abyssorum Lyman, 1873, 
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scales, among which the primaries are usually very distinct. 
Radial shields more or less separated from one another. Genital 
papilla well developed; arm combs usually present. Second oral 
tentacle pores opening more or less inside the oral slits, very 
large, beset with numerous scales, some of which often form a 
continuous row with the oral papillae. Arms not very stout but 
flat or cylindrical, uniformly tapered outwards. Dorsal arm plates 
usually well developed, often widely in contact with one an- 
other. Lateral arm plates low, bearing three to seven arm spines, 
which lie flat on the arm. Ventral arm plates small, separated 
from one another at least outside the disk. Tentacle pores of the 
first one or two arm joints large and beset with rather numerous 
scales ; those beyond are very small and have only one or two 
scales. 

This genus, as now restricted, includes (1) species with spini- 
form genital papillae and comb papille, such as Asterias ophiura 
Lins, 1758, Ophiura albida Fornes, 1839, Ophiolepis robusta AYRES, 
1851, Ophiura sarsii LüTkEN, 1854, O. arctica LüTkEN, 1854, O. 
curnea (Sans) LUTkEN, 1859, O. affinis LüTkEN, 1859, Ophioglypha 
lütkeni Lymax, 1860, O. kinbergi Lrunaman, 1866, O. acervata 
Lyman, 1869, O. brevispina Sutru, 1876, O. inermis Lyman, 1878, 
O. papillata Lyman, 1878, O. flagellata Lyman, 1878, O. imbecillis, 
Lyman, 1878, O. lepida Lyman, 1878, O. equalis Lyman, 1878, O. 
ljungmani LYMAN, 1878, O. meridionalis Lyman, 1879, O. aurantiaca 
VERRILL, 1882, O. maculata Lupwic, 1886, O. amphitrites BELL, 
1888, O. indica Brock, 1888, O. thouleti KautEer, 1895, Ophiozona 


O. tesseliata VERRILL, 1804, O inflata Kænrer, 1898, O. divisa LüTKEN & Mortensen, 1899, 0. 
nana LÜTKEN & Mortensen, 1899, O. scutellata Livxen & Mortensen, 1899, O. frigida KÆHLER, 
1900, O. gelida Kanter, 1900, Ophiozona inermis BELL, 1902, Ophioglypha brucei Kamrxn, 1907, 
0. mimaria Kamrkn, 1907, 0. variiia KænLER, 1907, O. scissa KacrER, 1970, O. flexibilis KEHLER, 
1911, Ophiura clasta CLARK, 1911, and Ophioglypha rouchi Kamrxn, 1912. 
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capensis BELL, 1905, Ophiura leptoctenia Orsns, 1911, O. micra- 
cantha CLARK, 1911, O. quadrispina CrarK, 1911, O. bathybia CLARK, 
1911, Ophioclen odplax Cuanx, 1911; (2) species with flat and 
squarish genital papille and comb papille, such as Ophioglypha 
multispina LaoxaMAN, 1866, O. lymani ΤΖΌΝΩΜΑΝ, 1870, O. irrorata 
Lyman, 1878, O. undulata Lymax, 1878, O. costalta Lyman, 1878, Ο. 
albata Lyman, 1878, O. jguna Lyman, 1878, O. loveni Lyman, 1878, 
Ο. fraterna Ίαν, 1878, ο. rugosa Lyman, 1878, O. ambigua 
Lyman, 1878, O. tenera Lyman, 1883, O. falcifera Lyman, 1883, 
O. verrucosa STUDER, 1883, O. aspera Kanter, 1898, O. plana 
LüTkEN & MomrENSEN, 1899, O. clemens Kanter, 1904, O. concreta 
Kester, 1901, O. mundata Kenner, 1906, Ophiura monostacha 
CLARK, 1911, O. αἰασία Crank, 1911, O. calyptolepis CLARK, 1911, 
O. cryptolepis Cuarx, 1911, O. paucisquama, nov. and others. 

Ophionotus, Ophioperla and Ophiotjalfa are very close to the 
present genus—especially to the ophiura-group. Ophionotus may be 
defined as ophiura-forms with supplementary dorsal arm plates; 
Ophioperla as the same with superficial granulations on the disk; 
and Ophiotjalfa as the same without .genital papille or arm 
combs. 


Key to Japanese species of Ophiura. 


A.—Genital papillo, as well as comb papille, spiniform, acute, both or 
at least the latter being well spaced; second oral tentacle pore 
opening more or less within the oral slit. 

B.—Arms flattened, much wider than high at the free arm base; arm 
spines rather long and stout.................... ophiura-group (I). 

a.—Arm combs well developed, rather large in dorsal view. 

b.—Three arm spines; oral shields wider within than without. 


c.—Disk scales naked ; arm spines not spatulate. 
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d.—Disk scales coarse; comb papille very long and slender, eight to 
ten of them beme visible trom) above.................... kinbergi. 
dd.—Disk scales fine; comb papille very short, twelve to fourteen of 
them being visible from above............ Go EISE "OPES 
ce.— Disk scales more or less obscured by a thick, soft skin; lower arm 
spines of basal arm joints spatulate ........... OECD iugellatas 
bb.—Four arm spines; oral shields wider without than within; comb 
papillæ μου done A ο UNI TSpd. 
aa—Arm combs rudimentary or entirely wanting, genital pupilli 
present. 
c.—Three exceedingly long arm spines; dorsal arm plates oval, longer 
than wide; disk scales fine; oral shields wider without than within 
OO nce S ο Recta s Cee σης... οὔχίαω. 
ce.—Four arm spines, not exceedingly long; dorsal arm plates more or 
less quadrangular, much wider than long; disk scales coarse; oral 
shields wider within than without........ uoc SC ος maculata. 
BB.—Arms cylindrical, about as wide as high*at the free base; three 
arm spines, minute, peg-like, short, well spaced................ 
EUR DEM UE e ccce unicilliseroup. (ID. 
f—Disk scales coarse; radial shields joined in pairs; oral shields 
trefoil-shaped, about as long as wide; arm bases within the disk 
especially wide; first ventral arm plate very large and rhomboidal ; 
dorsal arm plates separated from one another............ imbecillis. 
f.—Disk scales fine; radial shields nearly or entirely separated from 
one another; oral shields not trefoil-shaped; arm bases within 
the disk not especially wide; first ventral arm plates small; dorsal 


arm plates meeting witli one another. 


g.—Hhadial shields short, only slightly longer than wide; oral shields 
peutagonal, wider than long; uppermost or lowest arm spine longest, 
middle one shortest, none of them coming up to the length of the 


corresponding arm joint ....... ea ο νεος .micracantha. 


—Radial shields long, about twice as long as wide; oral shields pear- 
D o 


shaped, much longer than wide; uppermost arm spine longest, 
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lowest one shortest, the former being as long as, or longer than, 
the corresponding arm joint ........ Eu v eae leptoctenia. 
AA.—Genital papille and comb papille squarish, flat, short, blunt, close- 
set; second oral tentacle pore opening nearly or entirely outside the 
oral slit; arms cylindrical, abont as wide as high at the base; arm 
SUMS TTT, SINGH mcer cr irrorata-group (ILL). 
h.—Disk scales naked; arm spines well spaced. l 
iî—Three arm spines. 
j—The two sets of comb papille on the sides of an arm base not 
continuous ; oral shields much wider than long. 
k.—Oral shields wider without than within; arm spines minute, sub- 
equal; tentacle scales very numerous, twelve to fifteen to the second 
oral tentacle pore, eight to eleven to the first tentacle pore, five to 


eight to the second tentacle pore, “o....... 5, eee irrorata. 


kk.—Oral shields wider within than without; arm spines not very 
minute, uppermost one longest and lowest one shortest; tentacle 
scales rather few, eight or nine to the second oral tentacle pore, 
four or five to the first tentacle pore, three or four to the second 


tentacle pore, and one or two to those beyond...... ..paucisquama. 


jj-—The two sets of comb papille on tlie sides of an arm base form- 
ing a single unbroken series; oral shields about as wide as long, 
wider within than without; arm spines subequal ...... monostæcha. 
w—Six arm spines, minute, peg-like, subequal, evenly spaced; disk 
scales thin and hard to distinguish ; oral shields pentagonal, slightly 
οπου πμ Widen oee nes eee ον LI albata. 
Ah.—bDisk covered by a thick, soft skin, which obscures the underlying 
scales; arm spines closely set. 
l—Six or seven arm spines; disk scales rather coarse and thick, 
radial shields present; arm combs rudimentary or entirely absent. . 
Mu Mr TURON E ον ο TCU DIDI DIS. 
il.—Seven to nine arm spines; disk scales and radial shields almost 
aborted in adult specimens; arm combs well developed ...... 


igs saccus utr MERI ο ου ο. LI PI 
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Ophiura kinbergi (LJUNGMAN). 


Ophioglypha kinbergi: Ίπυναναν, Öfv. K. Vet. Akad. Fórh, XXVII, 
1866, p. 1165; Lyman, Rep. Challenger, V, 1882, p. 38, Pl. IV, fig. 70; 
Kester, Exp. Siboga, XLV, Pt. 9, 1905, p. 22; Kamer, Bull. Sei Fr. 
Belg, XLI, 1907, p. 294. : 

Ophioglypha sinensis: Lyman, Ill. Cat. Mus. Comp. Zool, VI, 1871, 
p. 12, Pl. I, figs. 1 & 2; Lyman, Bull. Mus. Comp. Zool, V, 1878, p. 99; 
LYMAN, loc. cit, 1882; DÖDERLEIN, SEMON -- Zool. Forschungsr, V, 1896, p. 
281, Pl. XV, figs. 3 & 8a; Kann, Bull. Sei. Fr. Belg, XXXI, 1898, p. 60, 
Pl IV, fig. 89; XK«nurEn, Ech. 
Indian Mus,  Shallow-water 
Oph., 1900, Pl. XV, figs. 6 & T. 

Ophioglypha ferruginea : 
Lyman, loc. cit., 1878, p. 68, PL 
HI, fig. 76. 

Ophiura kinbergi: CLARK, 
Boal U.S. Nat. Mus, LXXY, 
dO. wx o lie, Gr 

Numerous specimens; 
Tsushima. One specimen; 
Tomo, Bingo. Two speci- 
mens; mouth of Koajiro 
Bay, Misaki; 10 fathoms. 
Numerous specimens; Mi- 


saki. Numerous specimens ; 





Uraga Channel. 


Off Yokohama, 5 8-15 Fig. 73. Ophiura kinbergi. xT. a. From above, 


fath oms (Lxuax). Inland b. Prom below. c. Side view of three arm joints 
near disk. 


Sea; 15 fathoms (Lxwax). 


1) This paper was not seen by me. 
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Eastern Sea; 53 fathoms (Crank) Off Echigo, Sea of Japan; 70 
fathoms (Crank). 


Indo-Pacific ; ranging southwards as far as Bass Straits. 


Ophiura sarsii LUTKEN. 

Ophiura sarsii: LüTKEN, Vid. Meddel, Nov., 1854, p. 7; LÜTKEN, 
Addit. ad Hist. Oph., I, 1861, p. 42, Pl I, figs. ὃ & 4; Ωππα, Fauna 
Arctica, I, 1900, p. 262; Norman, Ann. Mag. Nat. Hist, Ser. 7, XII, 1903, 
p. 467; NicHOLS, Proc. R. Trish Acad, XXIV, Sect. B, 1903, p. 254; 
Crank, Bull. U.S. Nat. Mus., LXXV, 1011, p. 37. 

Ophioglypha sarsii: Lyman, Ill. Cat. Mus. Comp. Zool, I, 1865, p. 41, 
figs. 2 & ὃ; Lymax, Bull. Mus. Comp. Zool, V, 1878, p. 99; Lyman, Rep. 
Challenger, V, 1882, p. 40; Καπτει, Bull Sci. Fr. Belg, XLI, 1907, p. 
296; Kanter, Rés. Camp. Sei. Monaco, XXXIV, 1909, p. 115, Pl. VII, 
fig. 3; Kanter, Bull. U.S. Nat. Mus, LXXXIV, 1914, p. 23, PL T, figs. 5-6. 

Four specimens; off Nameri- 
kawa, Etchü, 

Okhotsk Sea ; 75—109 fathoms 
(CLank). Gulf of Tartary; 318 
fathoms. Sea of Japan; 59-428 
fathoms (Crank). Hakodaté Bay; 
15.5-47 fathoms (Crank). Off 
Urakawa, southern coast of 
Hokkaido ; 175-349 fathoms 
(Crank). Off Kinkwasan; 57 
fathoms (CLank). Uraga Channel; 
70 fathoms (Crank). Off Korea; 
163-535 fathoms (CrAnK). Eastern 





Fig. 74. Ophiura sarsii. x2. a. From 
above. ὦ. From below. ο. Side view of 


four arm joints near disk. Sea 8 181 fathoms (CLARK). 
North Pacific. Arctic Ocean. North Atlantic. 
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In these Japanese specimens, the primary plates are rather 
small and have a flat surface, so that the disk is very smooth. 

The plates and scales of the disk, as well as the arm plates, 
are light gray, with whitish peripheries. In one specimen, the 


primaries are especially dark, so that the disk appears spotted. 


Ophiura flagellata (LYMAN). 


Ophioglypha flagellata: Lyman, Bull. Mus. Comp. Zool, V, 1878, p. 
69, Pl. II, figs. 49-51; Lyman, Rep. Challenger, V, 1882, p. 52, Pl. IV, 
figs. 16-18; KEHLER, Ann. Sei. Nat. Zool., Sér. 8, IV, 1896, p. 299 ; KEHLER, 
Ech. Indian Mus., Deep-sea Oph., 1899, p. 18; K«anrzn, Exp. Siboga, XIV, 
Pt. I, 1904, p. 56; Kanter, Mém. Soc. Zool. Fr., XIX, 1906, p. 6; IŒHLER, 
Bull Sci. Fr. Belg., XLI, 1907, p. 294; KxEurLER, Exp. Sci. Travaileur et 
Talisman, VILI, 1907, p. 261. 

Gymnophiura cerulescens: LüTKEN & MonTENSEN, Mem. Mus. Comp. 
Zool, XXIII, 1899, p. 114, Pl. VII, figs. 4-6. 


Ophiura flagellata : CraR&, Bull. U.S. Nat. Mus, LXXV, 1911, p. 60, 
fig. 15. 

Three specimens ; Okinosé, off Misaki; 100 fathoms. 

Uraga Channel; 70-302 fathoms (CLarx). Sagami Sea; 292— 
405 fathoms (Crank). Off Rikuzen, eastern Japan; 182 fathoms 
(Crank). Off Omai Zaki; 475-505 fathoms (Cranx). Eastern Sea ; 
361 fathoms (Crank). 

Bering Sea and off Alaska (Crank). Indian Ocean and Malay- 
sian waters (Kanren) South-eastern Atlantic (Kener). 

The arm spines are much flattened, the lowest one being 
more or less spatulate. The second oral tentacle pore opens in 
the oral slit, with four or five abradial and three or four adradial 
scales, the former showing a tendency to form a continuous series 
with the oral papille. There are three adoral scales to the first 
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six or seven tentacle pores and two to those beyond; of the 
aboral scales there are three to the first, two to the second, and 
one to the third. All the tentacle scales are flat, thin and leaf- 
like. 

I have carefully compared this species with the description 
and figures of Gymnophiura cærulescens ΓΌΤΚΕΝ & MORTENSEN, and 
have come to the conclusion that the two species agree in almost all 
characters, e. g. the radial shields, arm combs, interbrachial ventral 
spaces of the disk, oral shields, adoral shields, oral papillæ, dorsal 
as well as ventral arm plates, arm spines, tentacle scales, &c. The 
only difference between my specimens and the type of G. cærulescens 
is that in the former the scales are present all over the 
disk, while in the latter there is a star-shaped naked central 
space on the dorsal side. But Lyman says that, the disk of the 
present species is “covered with a thick skin, under which 
the thin small scales are scarcely, or not at all, distinguishable.” 
Further, Ciarx remarks that, his specimens “show a most 
remarkable difference in the calcification of the disk, for while 
several of them have the disk covering thick, with the scales 
hardly distinguishable, as in Lxwaw's type, others have it much 
thinner with the scales evident, while still others have a greater 
or less part of the disk covered by a naked skin, the calcification 
being confined to the vicinity of the radial shields and to the 
interradial margins," and that “the gradation between the two 
extremes is so complete that there can be no doubt that the 
amount of calcification is an individual and not a specific or even 
a local matter." I therefore look upon G. carulescens as a 
synonym of the present specics. 
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Ophiura quadrispina CLARK. 


Ophiura quadrispina: CtarK, Bull. U.S. Nat. Mus, LXXV, 1911, p. 


55, fig. 18. 


Okhotsk Sea; 109-188 fathoms (Crank). Yezo Strait; 533 
fathoms (Crank). Sea of Japan; 825-428 fathoms (Crank). 


Bering Sea. Alaska. 


Ophiocten odplax : 
Crank, Bull. U. S. Nat. 
IGS, CANY IG, ja 
99, fig. 37. 

One specimen ; 
Albatross station 
(number ?). 

Off Honshu ; 94— 
507 fathoms(Cranx). 
Sagami Sea; 292- 
614 fathoms (Crank). 
Eastern Sea; 369- 
440 fathoms (CLARK). 

In my opinion, 
this species is evi- 
dently a typical 
Ophiura, though 
Chark has referred 
it to Ophiocten. In 
the genuine Ophioc- 
ten, the tentacle pores 


Ophiura oóplax (Crank). 





Fig. 75. Ophiura odplax, x15. α. From above, b. From 
below. ο, Side view of two arm joints near disk, d, 
Dorsal view of two arm joints somewhat near disk. 
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are of nearly uniform size and the tentacle scales few or none 
throughout, while in the present species the tentacle scales are 
very numerous in the very basal pores and rapidly diminish in 
number outwards. I am not able to find any character distin- 


guishing this species from the genuine Ophiura. 


Ophiura maculata (LUDWIG). 
Ophioglypha maculata: Lunwic, Zool. Jahrb. Sys., I, 1886, p. 283, Pl. 
VI, fies. 11 & 12; Crarx, Bull U.S. Nat. Mus, LXXV, 1911, p. 49, 
fg. 11. 
Two specimens (belonging to Mr. H. Asano, Imperial Bureau 
of Fishery); off Kitami; 60 fathoms. 
Bering Sea. Alaska. 


Ophiura imbecillis (yay). 

Ophioglypha imbecillis: Lyman, Bull. Mus. Comp. Zool, V, 1878, p. 
78, Pl. ΤΗ, figs. 63 & 64; Lyman, Rep. Challenger, V, 1882, p. 46, Pl. IV, 
figs. 11-13; KEHLER, Ann. Sci. Nat. Zool., Sér. 8, IV, 1897, p. 308 ; K«EHLER, 
Ech. Indian Mus., Deep-sea Oph., 1899, p. 21. 

Ophiura imbecillis: Crank, Bull. U.S. Nat. Mus., LXXV, 1911, p. 62. 

Uraga Channel; 302 fathoms (Crank) Sagami Sea; 340- 
405 fathoms (Lyman, Crank) Off ΚΠ; 393 fathoms (Crank). Off 
Hiuga ; 497 fathoms(Oranr). Eastern Sea; 361 fathoms (CLARK). 

Indian Ocean. Malaysian waters. 


Ophiura micracantha Crank. 
Ophiura micracantha : Crank, Bull U.S. Nat. Mus., LXXV, 1911, p. 
47, fig. 10. 
Two specimens; Okinosé, Sagami Sea; 100 fathoms. 
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Uraga Channel; 197 fathoms (Crank). Off Kagoshima Gulf; 
152 fathoms (Crinx) Off Goto Is, Eastern Sea; 139 fathoms 


(Crank). 


Ophiura leptoctenta (CLARK). 


Ophiura leptoctenia : Cuarnk, Bull. U.S. Nat. Mus., LXX, 1911, p. 51, 
fig. 12. 

Okhotsk Sea; 73-119 fathoms (Crarx). Gulf of Tartary ; 
318 fathoms (Crank). Sea of Japan; 92-429 fathoms (CLARK). 
Southward of Hokkaidó; 175-349 fathoms (Crank). Off eastern 
Japan; 191-507 fathoms (Crank) Off Omai Zaki; 624-662 
fathoms (Crans). Off Korea; 335 fathoms (Crank). 

Bering Sea. Alaska. British Columbia. Oregon. Washington. 


Ophiura irrorata (LyMay). 


Ophioglypha irrorata: ΤΧΜΑΝ, Bull Mus. Comp. Zool, V, 1878, p. 
73, Pl. IV, figs. 106-108; Lvwaw, Rep. Challenger, V, 1882, p. 47, PI. V, 
figs. 1-9. i 

Ophioglypha orbiculata: Lynas, Bull. Mus. Comp. Zool., V, 1878, p. 
74, Pl. IV, figs. 103-105 ; Lyman, Rep. Challenger, V, 1882, p. 48, Pl. VIII, 
figs. 10-12. 

Ophioglypha grandis: Ύππεπι, Proc. U.S. Nat. Mus, XLII, 1894, p. 


Ophioglypha involuta : Kanter, Ann. Sci. Nat. Zool, Sér. 8, IV, 1897, 
p. 295, Pl. VI, figs. 16-18; Kenzer, Ech. Indian Mus., Deep-sea Oph., 1899, 
'p. 15, Pl. VHI, figs. 61-63. 

Ophioglypha tumulosa: LÜTKEN & MORTENSEN, Mem. Mus. Comp. Zool., 
XXIII, 1899, p. 120, Pl. T, figs. 8-13. 

Ophiura irrorata : Cuan, Bull. U.S. Nat. Mus, LXXV, p. 03. 

Okhotsk Sea; 1,800 fathoms (Crark). Off Omai Zaki; 024- 
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918 fathoms (CLark). Yenshà Sea; 943 fathoms (Crank). Off 
Kii; 649 fathoms (Crank). Off Hiuga; 720 fathoms (Crank). 
Cosmopolitan. 


Ophiura paucisquama, sp. nov. 


One specimen ; off Misaki, Sagami Sea. 

Diameter of disk 5.5mm. Length of arms 20mm. Width 
of arms at base 1 mm. 

Disk pentagonal, with nearly straight interbrachial borders, 
very flat, thin, covered with numerous coarse, irregular, imbricated 
scales. The central plate is indistinguishable, but the radials are 
distinct, and somewhat larger than the other scales. A large, 
squarish plate is present in each 
interradius, just touching the 
disk margin. Radial shields irre- 
gularly triangular, with acute 
inner and much rounded outer 
angles, a little longer than one- 
third the disk radius, somewhat 
4 A longer than wide, not in contact 
Le i Cw with each other. Arm combs 
very small, with fine, short, 
blunt, flat, close-set comb papilla, 
of which about seven are 


visible from above. Interbrachial 





Fig. 76. Ophiura paucisquama, x10. a. ventral surfaces covered also, 
From above. b. From below. ο, Side view 


i i with coarse, irregular, imbri- 
of three arm joints near disk, 


cated scales. Genital slits long, 
with fine, short, blunt, close-set genital papille on the abradial 


border. 
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Oral shiclds pentagonal, or rather lyre-shaped, with straight 
inner and notched lateral sides and a slightly convex outer side, 
wider than long, widest at the inner lateral angles; outer angles 
perfectly rounded. <Adoral shields very long, narrow, meeting with 
each other within, constricted at about the middle by the second 
oral tentacle pores and the inner lateral angles of the oral shields ; 
the outer lobe separates the oral shields from the first ventral and 
lateral arm plates; the inner lobe is wider within than without. 
Oral plates parallel to the adoral shields, also long and narrow. 
Four or five oral papille on either side, close-set, inner ones 
longer, narrower and acuter; the outermost one is very wide and 
short. Besides, there occur two or three long, conical, acute 
apical papille in each jaw. Teeth conical, acute, stout. 

Arms slender, uniformly tapered outwards. The first dorsal 
arm plate is exceedingly small, situated between the pairs of 
radial shields and of arm combs; the second is also rather small. 
The third is the largest, pentagonal, with very short inner side 
and rounded outer angles, about as long as wide. The fourth is 
similarly pentagonal, but longer than wide, and the inner side 
much shorter. These plates are in contact with one another, but 
the rest are separated by the lateral arm plates, rhomboidal, with 
acute inner and rounded outer angles, longer than wide. They 
constantly diminish in size outwards, and become exceedingly 
small near the extremity of the arms. Lateral arm plates flared, 
meeting both above and below, except in the first joint, in which 
they do not meet below, and the first three or four free joints, in 
which they do not meet above. First ventral arm plate not very 
small, hexagonal, with very short lateralsides and rounded angles. 
much wider than long, about as wide as, but shorter than, the 


next plate. The latter is the largest, hexagonal, with very short 
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inner and very eonvex outer sides; inner lateral and lateral sides 
eoneave, the former being in contact with the lateral arm plates 
and the latter with the tentacle pores; longer than wide, wider 
without than within, in contact with the first plate. "The third 
plate is pentagonal, with eoneave inner and lateral sides and strong- 
ly convex outer side, about as wide as long. Those beyond are 
triangular, with wide inner angle and very convex outer side, 
wider than long; separated from one another and constantly 
diminishing in size outwards. Three arm spines, conical, acute, 
the uppermost is longer and stouter than the others, and are two- 
thirds as long as the corresponding arm joints; in the free basal 
joints the lowermost two are half as long as the corresponding 
joints. The second oral tentacle pore opens hardly within the 
oral slit, with four or five scales on both the abradial and adradial 
borders. The first four or five tentacle pores have each two 
scales on the adoral border, but the rest have only one. Besides, 
the first and second pores have two very small scales on the 
aboral border, which are almost covered over by the adoral 
seales. 

Colour in alcohol: disk very light brown, arms white. 

The present species differs from Ο. irrorata (Lyman) in the 
shape of the oral shields, in the longer arm spines, and in the 
fewer tentacle scales; from O. plana (LürkEN & Mortensen) in 
the shape of the radial and oral shields, in the coarser scales of 
the interbrachial ventral surfaces, and in the fewer tentacle 
scales; and from O. mundata in the shape of the radial and oral 
shields, in the longer arm spines, and in the fewer tentacle 


scales. 
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Ophiura monostæcha CLARK. 
Ophiura monostecha: Bull. U.S. Nat. Mus., LXXV, 1911, p. 65, fig. 
17. 
Off Honshü; 153 fathoms (CLark). Suruga Gulf; 270 fathoms 
(Crank). Off Hiuga ;. 405-578 fathoms (Crank). 


Ophiura albata (LYMAN). 
Ophioglypha albata: Lyman, Bull Mus. Comp. Zool, V, 1873, p. 77, 
Pl. IV, figs. 95-97; Lyman, Rep. Challenger, V, 1882, p. 51, Pl. V, figs. 
13-15. 
Sagami Sea; 775 fathoms (Lymay). 


Ophiura calyptolepis (CLARK). 
Ophiura calyptolepis: Crank, Bull. U.S. Nat. Mus, LXXV, 1911, p. 
67, fig. 18. 
Uraga Channel; 70-197 fathoms (Crank). Sagami Sea; 153— 


405 fathoms (CLARK). 


Ophiura cryptolepis (CLARK). 


Ophiura cryptolepis: Οτλτκ, Bull. U. S. Nat. Mus, LXXV, 1911, p. 
1911, fig. 19. 

Of Omai Zaki; 475-505 fathoms (CLARK). 

Bering Sea. Alaska. Washington. 


 Ophiurolepis Marsumoro, 1915. 


Disk covered with two kinds of scales, the larger ones being 
surrounded by a zone of smaller ones. Radial shields moderate- 
ly large, rounded, widely separated from one another. Genital 
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papille and arm combs absent. Adoral shields oval, with pointed 
outer end. One to three supplementary plates present among the 
oral plates and adoral shields. Oral papille close-set, completely 
closing the oral slits. Teeth in a single vertical row. Dental papilla 
absent. Arms long, stout, with very short arm joints. Dorsal 
arm plates well developed, wide, strongly convex. Ventral arm 
plates triangular, nearly in contact with, or separated from, one 
another. Second oral tentacle pore opening entirely outside the 
oral slit, long, entirely closed by the tentacle seales, which are so 
modified as to appear like supplementary plates. A single arm 
spine and three tentacle scales, both being very small and peg- 
like. 

This genus includes a single species, Ophiolepis carinata STUDER, 
1876 (referred to Ophioglypha by Struper, 1883, after the publica- 
tion of Ophioglypha deshayesi by Lyman, 1878). 

In my opinion Ophiolepis carinata Stuper and Ophioglypha 
deshayesi T.YMAN are conspecific, the former having priority. Through 
Dr. Hubert L. Orink's kindness, I was enabled to examine one 
of Lxxaw's specimens and I am convinced that, it agrees fairly 
well with SrupEn's description and figures, though the latter are 
rather imperfect and inaccurate. Lyman did not take into aecount 
Ophiolepis cavinata when deseribing Ophioglypha deshayesi, probably 
because he took SrupER's statement as to genus on trust. It may 
be remarked that, both Sruprer’s and Lxwaw's speeimens were 
taken from the vicinities of Kerguelen Island, the former at the 
depth of 60-65 fathoms, the latter at 28-150 fathoms. 

Ophiurolepis is not very close to any other subdivision of 
Ophiura s. ext., though it more or less resembles the irrorata-group 
of Ophiura s. str. Ophiurolepis resembles Ophiolepis and Ophiozona 
restr., merely in the squamation of the disk. 


Ν 


p 
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Key to Japanese genera of Ophiolepidine. 


A—Tentacle pores limited to a few basal arm joints; disk plates or 
scales, as well as radial shields, more or less intimately soldered 
together; oral papille more or less soldered together to form a 
single piece; arm joints long and hour-glass-shaped ; dorsal and 
ventral arm plates more or less rudimentary; arm spines very 
WMS ail oco likoa coasonses eeosoodcsuusdues Ophiomusium. 

AA—Tentacle pores well developed throughout the entire length of the 
arm; disk plates or scales imbrieating ; oval papillee not soldered 
together; arm joints not very long; dorsal and ventral arm plates 
usually well developed ; arm spines not very minute. 

&—No true tentacle scales, though the lower arm spines may some- 
times serve as one; disk covered with fine, granule-like scales ; 
genital slits very minute, placed at the inner corners of the inter- 
brachial ventral surfaces; dorsal arm plates more or less widely 
separated from one another by supplementary plates or naked 
spaces ; ventral arm plates separated from one another at least in 
aa omeri aimn. niee e. c CRI CLERI ος Ophiopenia. 

aa—Tentacle scales always well developed. 

b—Dorsal arm plates entire, without supplementary plates; ventral 
arm plates rhomboidal and separated from one another except at 
the arm base; lateral arm plates of either side meeting both above 
and below except at the arm base; disk covered with large plates 
and smaller seales; radial shields very stout; one or two tentacle 
Scnlos MM ο ο ο οκ ο ρε. Ophiozonella. 

5b—Dorsal arm plates not entire, accompanied by supplementary plates ; 
ventral arm plates quadrangular, widely in contact with one another ; 
lateral arm plates of either side not meeting above or below. 

c—Dorsal arm plates proper not divided, accompanied by small sup- 
plementary plates on both sides or also along the outer border ; 
disk covered with two kinds of scales, the larger ones surrounded 
by a zone of smaller ones; radial shields moderately stout; two 


tentacle scales, together forming an oval .............. Ophiolepis. 
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ce—Dorsal arm plates proper divided into halves, which are widely 
separated from each other by a mosaic of supplementary plates ; 
disk covered with very fine scales; radial shields very small; three 


Glmtoumstentacle, scales . 14-0 ECC TOT Ophioplocus. 


Key to Japanese species of Ophiomusium. 


A—-Two pairs of tentacle pores to each radius; genital slits free of 
papille ; genital scales extremely stout; a very conspicuous, large, 
central plate is present in each interbrachial ventral surface ; disk 
covered with very stout plates and very large radial shields. 

a—Genital slits very short and pore-like, or invisible, free from the 
oral and adoral shields, which are completely joined; no ventral 
arm plates beyond the third. 

b—Disk margin free of tubercles; disk with some secondary plates, 
besides the primaries and radial shields; two or three arm spines. 

c—bDisk plates more or less imbricated, or arranged like steps...... 
Sos οσο ο ο DD οσους DU DI ce scalare. 

ο Disk plites, tessellntedo-—... το το ο ο ος simplex. 

bb—Disk margin beset with tubercles; disk with only the primaries, 
besides the radial shields; five arm spines.............. granosum. 

aa—Genital slits long, peculiarly situated between the oral and adoral 
shields, the former being almost axe-shaped. 

d—No ventral arm plates beyond the third. 

e—Disk covered with rather small primaries and smaller secondary 
plates, besides the radial shields, which are separated from one 
another; dorsal side of the disk and arms usually very tubercular ; 
interbrachial ventral surfaces covered with a large central and 
several secondary plates, besides the stout genital seales....üymani. 

cc—Disk with only very stout primaries, besides the radial shields, 
which are joined in pairs; dorsal side of the disk and arms 
smooth ; interbrachial ventral surfaces covered only by a very large 


central plate, besides the very stout genital scales. ......... lunare. 
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dd—Ventral arm plates present throughout the entire length of the 
arm. 

J—Disk covered with stout primaries and smaller secondary plates, 
besides the radial shields; each primary plate bearing a very large 
central umbo ; five or six peg-lik arm spines............ trychnum. 

J/—Disk covered only by very stout primaries and radial shields; no 
central umbo on them; three very large, acute, erect arm spines, 
of which the uppermost and largest is placed on the dorsal surface 
eft Whe email aym ήθος. a ο ο See. = lütkeni. 

AA—Three pairs of tentacle pores to each radius; genital slits provided 
with papillie; genital scales not very stout; interbrachial ventral 
surfaces covered with many small plates or scales, without very 
prominent central plate; disk covered with many small plates or 
scales, besides the radial shields. 

g—Genital slits not reaching to the disk margin; each tentacle pore 
provided with one scale on the abradial border and often also with 
an additional one on the adradial border; a group of papille 
present on either side of each arm base, just outside the genital 
slit and radial shield; three close-set arm spines. 

Ah—-Oral shields triangular, about as wide as long, wider without than 
μη, ο ο τ... T οι οσο ES eee cancellatum. 

Ah—Oral shields pear-shaped, much longer than wide, wider within than 
πίοι» PEE... ME CUSTO VOS jolliense. 

gg—Genital slits reaching to the disk margin, each tentacle pore 
provided with two scales on the abradial border; no papille on the 
sides of the arm base; oral shields triangular, about as wide as 


Ione trong νο «ρα BATIDNSDIDCS CHE laqueatum. 


Ophiomusium scalare ΓΥΜΑΝ. 
Ophiomusium scalare : Lyman, Bull. Mus. Comp. Zool, V, 1878, p. 117, 
Pl. I, figs. 1-8; Lyman, Rep. Challenger, V, 1882, p. 95, Pl. I, figs. 4-6; 
KEHLER, Ann. Sci. Nat. Zool, Sér. IV, 1896, p. 308, Pl. VI, figs. 24 & 
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25; KonHnzn, Ech. Indian Mus., Deep-sea Oph., 1899, p. 26, PI. IT, figs. 
13 & 18, Pl ΤΠ, fip. 21; Kener, Exp. Siboga, XLV, Pt. 1, 1904, p. 65; 
ΚαΉτπη, Mém. Soc. Zool Fr., XIX, 1906, p. 6; Kanter, Exp. Sci. 
Travailleur et Talisman, VIII, 1907, p. 266. 


Two specimens; off Ukishima, Uraga Channel; 300 fathoms. 

Indo-Pacific. Atlantic. 

Diameter of disk 9mm. Length of arms 28mm. Width of 
arms at base 2 mm. 

Disk pentagonal, rather flat. Dorsal surface covered with 
about sixty-six stout, somewhat imbricated plates, besides the 
radial shields; the central plate, basals, first radials, second radials, 
first interradials and 
second interradials being 
the largest. Central plate 
pentagonal, with the 
rounded angles placed 
interradially. First 
radials semicircular or 
diamond-shaped, wider 
than long, separated 
from the central plate 
by the small, oblong 
infrabasals, and from 
one another by the 
diamond-shaped  basals. 
First interradials longer 





li i uch wider 
Fig. 77. Ophiomusium scalare x10. «e. From above. b. . wide, um 


From below. ο, Side view of three arm joints near at the outer end than 
disk. 
at the inner. Second 


interradials quadrangular, wider than long. Radial shields large 
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and stout, irregularly triangular, longer than wide, longer without 
than within; those of a pair separated from each other by the 
large second radial, small third radial and the small first dorsal 
arm plate. Interbrachial ventral surfaces covered chiefly by the 
very large, stout genital scales and a very large, stout, convex 
plate, lying directly outside the oral shield. Genital slits small, 
very short and narrow. 

Oral shields large, pentagonal, with very long inner and very 
short lateral sides, an acute inner and rounded outer angles, stout, 
longer than wide, wider without than within. Adoral shields very 
large, stout, long, wide, tapered inwards, mecting with each other. 
Seven or eight oral papille on either side, squarish, flat, soldered 
together, and obscuring the original number; the outermost one 
is exceedingly large and wide, and arises from the adoral shield ; 
the next is much smaller and narrower than the preceding, but 
distinctly larger and wider than the following. Three teeth, small, 
triangular, pointed. 

Arms cylindrical, gradually tapered. First dorsal arm plate 
very small, rounded triangular, convex, wedged in between the 
radial shields. The next is also small, quadrangular, with rounded 
angles and convex sides, wider than long, with convex surface, 
in contact with the first. The five or six remaining are small and 
triangular, with rounded angles and eonvex sides and surface, and 
diminish in size outwards. Lateral arm plates well developed, 
eovering almost the entire surface of the arms, convex, flared. 
Only three ventral arm plates: the first small, pentagonal, wedged 
in between the adoral shields; the second and third also small, but 
a little larger than the first, pentagonal, with the tentacle pores 
at the lateral angles. Only two pairs of tentacle pores and 
scales ; the latter small and oval, the first scales being larger than 
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the second. Two or three arm spines, very minute, pog-like, 
situated close together in a notch. 

The plates of the disk and arms are minutely tuberculated. 

Colour in aleohol white or pale gray. 

In the smaller one of these specimens, the tentacle pores and 
Scales are entirely absent, so that the second and third ventral 
arm plates are triangular instead of being pentagonal. 

Lyman’s type was much smaller and Kourrm's specimens 
much larger than mine. The disk plates are therefore fewest in 
Lyman’s and most numerous in KanrEems; they are moreover 
separated from one another by narrow grooves in the type, but 
imbrieated in both Kauter’s specimens and mine. The radial 
shields are closely in contact in the type, but separated in my 
specimens, and more so in Kaurrm's. The oral papille are most 
numerous in mine. The two small plates shown in my figure 
between the oral shield and the largest interbrachial plate do not 
occur in the type, and are also absent in Kamrren's specimens and 
the smaller one of mine. Both in the type and in my specimens, 
the dorsal surface of the disk and arms is not so prominently 


tubereulated as is indicated in Kauren’s figures. 


Ophiomusium simplex LYMAN. 


Ophiomusium simplex: Lyman, Bull. Mus. Comp. Zool, V, 1878, p. 
115, Pl I, figs. 10 & 11; Lyxax, Rep. Challenger, V, 1882, p. 93, ΕΙ. I, 
figs. 7-9; Cuank, Bull. U.S. Nat. Mus., LXXV, 1911, p. 109. 

Ophiomusium sanctum: Kanunrg, Exp. Siboga, XLV, Pt. I, 1904, p. 
59, Pl. ΧΙ, figs. 7-9. 

Eastern Sea; 71-139 fathoms (Cranx). 


Amboyna. Malaysian waters. 
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Ophiomusium granosum LYMAN. 


Ophiomusium granosum: Lyman, Bull. Mus. Comp. Zool, V, 1878, p. 
118, Pl. I, figs. 12 & 13; Lvwaw, Rep. Challenger, V, 1882, p. 96, PI. T, 
figs. 10-12. 

Off Boshi; 1,875 fathoms (Lyman). 


Ophiomusium lymani Wyvirrg THOMSON. 


Ophiomusium lymani: WyvitLE '"l'nowsow, Depth of the Sea, 1873, p. 
172, figs. 32 & 33; Lyman, Bul. Mus. Comp. Zool, V, 1878, p. 113; 
ΓΧΜΑΝ, Rep. Challenger, V, 1882, p. 90; Lyman, Bull. Mus. Comp. Zool., 
X, 1883, p. 245, Pl. V, figs. 55-57; BELL, Cat. Brit. Ech., 1892, p. 115; 
IJX&knrEgn, Résult. Camp. Sci. Caudan, 1896, p. 72; K«anurLEn, Mém. Soc. 
Zool. Fr., IX, 1896, p. 204 & 242; ΊΆσπτεν, Résult. Camp. Sci. Monaco, 
XII, 1898, p. 42; Lupwic, Sitzungsber. Akad. Wiss. Berlin, 1899, p. 220; 
LÜTKEN & MORTENSEN, Mem. Mus. Comp. Zool, ΧΧΠΙ, 1899, p. 137, Pl. 
III, figs. 8-11; Kanren, Exp. Siboga, XLV, Pt. T, 1904, p. 58; Kann, 
Résult. Camp. Sei. Monaco, XXXIV, 1909, p. 161, Pl. IH, fig. 1, PL IV, 
fie. 1; MoCrENpow, Univ. California Public., Zool, VI, Pt. 3, 1909, p. 36, 
Pl. I figs. 4 & 5; Crank, Bull. U.S. Nat. Mus, LXXV, 1911, p. 107; 
Monrrensen, Meddel. om Grónland, Kjpbenhaven, XXIII, 1918, p. 354; 
lw«EHrER, Bull. U.S. Nat. Mus., LXXXIV, 1914, p. 26. 

Eastern Sea; 152 fathoms (Crank). Off Omai Zaki; 624-914 
fathoms (Crank). Off eastern Japan; 507-720 fathoms (Oranx). 
Widely distributed both in the Indo-Pacific and Atlantic. 


Ophiomusium lunare Lyman. 


Ophiomusium lunare: LymMayx, Bull. Mus. Comp. Zool, V, 1878, p. 116, 
Pl. I, fies. 4-6; Lyman, Rep. Challenger, V, 1882, p. 84, Pl. I, figs. 13- 
15; σητει, Exp. Siboea, XLV, 1904, p. 58; Crank, Bull. U.S. Nat. 
Mus, LXXV, 1911, p. 107. 
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Eastern Sea; 103-152 fathoms (CLARK). 


Malaysian waters. 


Ophiomusium trychnum CLARK. 

Ophiomusium trychnum: CLARK, Bull. U.S. Nat. Mus, LXXV, 1911, 
p. 109, fig. 40. ; 

Two specimens; Iwatogaké, Sagami Sea; 300 fathoms. Two 
specimens; Okinosé, Sagami Sea. Three specimens; locality 
unknown. 

Suruga Gulf; 94-150 fathoms (Orinx) Uraga Channel; 70— 
302 fathoms (Crank). Off eastern Japan; 191-578 fathoms (CLARK). 

In my specimens, 
there are always two, 
instead of three, very 
large plates in each 
dorsal interbrachial 
space. The radial shields 
and the large interradial 
marginal plates are often 





very rough and tuber- 
Fig. 78. Ophiomusium trychnum. Έτοτα above. κά. cular. The dorsal side 
of the arms also shows 

a tendency to be rough and uneven. 


Ophiomusium lutkené LYMAN. 
Ophiomusium lütkeni: Lymax, Bull. Mus. Comp. Zool, V, 1878, p. 114, 
Pl. V, figs. 188-140; Lyman, Rep. Challenger, V, 1882, p. 91, PI. I, figs. 
16-18; Cranr, Bull. U.S. Nat. Mus, LXXV, 1911, p. 107. 
Eastern Sea; 139-152 fathoms (Crank). 
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Arafura Sea; 129 fathoms (Lyman). 


Ophiomusium cancellatum LYMAN. 

Ophiomusium cancellatum: Lynas, Bull. Mus. Comp. Zool., V, 1878, p. 
111, Pl. I, fgs. 17 & 18; Lxwax, Rep. Challenger, V, 1882, p. 88, Pl. IT, 
figs. 16-18; Crank, Bull U.S. Nat. Mus, LXXV, 1911, p. 106. 

Numerous specimens; Uraga Channel. 

Colnett Strait; 1,008 fathoms (Crank). Off Heda; 168 fathoms 
(Cann). Suruga Golf; 65-297 fathoms (CrAnx). Off Omai Zaki ; 
475-505 fathoms (CLARK). Sagami Sea; 369-775 fathoms 
(Crank, Lyman). Uraga Channel; 197 fathoms (Crank) Off 
eastern Japan; 191-578 fathoms (Crank). 

Off Bermudas | (Lyuax). 


Ophiomusium jolliense MCCLENDON. 
Ophiomusium jolliensis: MoCvExDox, Univ. California Public., Zool., 
VI, Pt. 3, 1909, p. 36, Pl. I, figs. 2 & 3; Crang, Bull. U.S. Nat. Mus., 
TXY 191i, p. 111, fg, 41. | 
Off Heda ; 167 fathoms (Crank). Uraga Channel; 197 fathoms 
(Cuark). Off eastern Japan; 191-505 fathoms (CLARK). 
California. Washington. 


Ophiomusium laqueatum (Lxxax). 


Ophiomusium laqueatum: LyMax, Bull. Mus. Comp. Zool, V, 1878, p., 
118, Pl. I, figs. 14-16; ΤΧΝΑΝ, Rep. Challenger, V, 1882, p. 90, Pl. IL 
figs. 10-19; Crank, Bull. U.S. Nat. Mus, LXXY, 1911, p. 106. 

Eastern -Sea ; 103-152 fathoms (Cranx). i 

Wat > 4295. ἶσπα. 1955 95' E. 129 fathoms (Linas) 
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Ophiopenia disacantha CLARK. 
Ophiopenia disucantha: CrAnW, Bull. U.S. Nat. Mus, LXXV, 1911, 
ο ie, BBY 
Sea of Japan; 176-200 fathoms (Cranx). 
Bering Sea. Alaska. 


Revision of Ophiozona. 


I have great doubt about the generic value of Ophiozona as 
now understood. The genotype, Ophiolepis impressa LUTKEN, 1850, 
has very numerous .small disk plates surrounded by a zone of 
much finer scales, and well developed, quadrangular dorsal, as 
well as ventral, arm plates, which are perfectly joined to one an- 
other. A characteristic feature is the presence of a group of three 
disk plates between the outer parts of each pair of radial shields. 
In every character, the genotype is very nearly allied to the genuine 
Ophiolepis and distinguished from it merely by the absence of 
supplementary dorsal arm plates. But most species of Ophiozona 
as understood at present, difler much from the genotype, having 
less numerous large disk plates and less well developed, rhomboidal 
dorsal, as well as ventral, arm plates, which are separated from 
one another outside the orm base by the lateral arm plates. 
Moreover, the trio of disk plates above mentioned is entirely 
absent. Another atypical group of Ophiozona is represented by O. 
gymnopora CrAnk, 1909, which is characterised by the disk being 
elevated high above the arm bases, by the completely joined 
radial shields, by the granulated interbrachial ventral surfaces, by 
the indistinet genital slits, by the first ventral arm plate being 
larger than the following, by the second oral tentacle pore opening 


entirely outside the oral slit, and by the total absence of the 
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tentacle seales. I propose to distinguish the first atypical group 
as Ophiozonella and the sceond as Haplophiura from the genuine 
Ophiozona, the distinctive characters of the three groups being as 
follows. 

A—Disk low and flat, not much higher than the arm bases; radial 
shields separated from one another; interbrachial ventral surfaces 
free of granules; genital slits long; first ventral arm plate smaller 
than the following; second oral tentacle pore opening within the 
oral slit; teutacle scales present, 

a—Disk covered with very numerous small plates, of which the larger 
ones are surrounded by a zone of smaller ones; a trio of disk plates 
distinct between the outer parts of each pair of radial shields; 
arms very gradually tapering outwards, with rather blunt extremity ; 
dorsal, as well as ventral, arm plates almost quadrangular, widely 
in contact with one another through almost the entire length of 
bem. oos c ov Ὃν ΝΥ. Ἠ,, ο οσο, Ophiozona, vestr. 

aa—Disk covered with less numerous large plates mingled with smaller 
ones; no trio of disk plates between each pair of radial shields ; 
arms rather rapidly tapering outwards, with very acute extremity ; 
dorsal, as well as ventral, arm plates less well developed, separated 
from one another by the lateral arm plates except at the arm 
base, Whore they may be in contact NE Ophiozonella. 

ut—Disk elevated high above the arm bases; radial shields joined in 
pairs; interbrachial ventral surfaces closely covered with granules; 
genital slits indistinct; first ventral arm plate larger than the 
following; second oral tentacle pore opening entirely outside the 


oral slit; tentacle scales absent. .............. . ...Haplophiura. 

There are two species referred to Ophiozona, viz. O. inermis 
BELL, 1902, and O. capensis, Bett, 1905, which are left out of 
aceount in the above key. "The latter is in my opinion referable 


to Ophiura s. str., while the former is referred to Homalophiura 
by Crank. 
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Ophiozonella Marsumoro, 1915. 


Disk covered with stout plates mingled with smaller ones. 
Radial shields large, usually separated from one another, but 
sometimes slightly in contact in pairs. Oral and adoral shields 
rather stout. Four or five oral papillae on either side of each 
jaw; the outermost one is pointed inwards above the next papilla, 
which is the largest. Teeth arranged in a single vertical row. 
Dental papille absent. Genital slits not reaching to the disk 
margin. Arms short, very stout at base, rather rapidly tapered 
outwards to very slender extremities. Dorsal, as well as ventral. 
arm plates more or less rhomboidal, not very widely in contact or 
mostly separated from one another. Two to four arm spines, 
short, lying flat on the arm. One or two tentacle scales to each 
pore. 

This genus includes (1) species with two tentacle scales 
to each pore, viz, Ophiozona nivea Lxwaw, 1875, O. tessellata 
Lyman, 1878, O. marmorea Lyman, 1883, O. clypeata Lyman, 1883, 
O. bispinosa Kanter, 1807, O. molesta Kanuer, 1904, O. elevata 
Crank, 1911, O. platydisea Cuarx, 1911; (2) species with one 
tentacle scale to each pore, viz, O. insularia Lyman, 1868, O. 
stellata Lyman, 1878, O. antillarum Lyman, 1878, O. depressa 
Tyan, 1878, O. alba LüTkrex & Mortensen, 1899, O. contigua 
LüTKEN & ΜΟΠΤΕΝΑΣΝ, 1809, O. casta Καπτπα, 1904, O. depressa 
var. media Καπ, 1904, O. projecta Kanter, 1905, O. longispina 
Crank, 1908, O. polyplae Crank, 1911, and O. tjalfiana MORTENSEN, 


1913, the genotype being O. longispina. 


Key to Japanese species of Ophiozonelia. 


A—Two tentacle scales to each pore. 
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a—Disk convex, covered with one hundred to one hundred and fifty 
libus (URKESS ood n σος απ OO OUO QD elevata. 
aa—Disk flat, covered with about two hundred small plates. .platydisca. 
AA—One tentacle scale to each pore, often also with one to three small, 
supplementary ones on the adradial border of the pore in a few 
basal arm joints. 
b—Disk convex; arms long and slender, five to eight times as long as 
the disk diameter; colour reddish or yellowish brown in alcohol. .. 
oibobsocoasooün UnDRDDTDU e Ree ο ο ο projecta. 
lb— Disk flat; arms short, three or four times as long as the disk 
diameter; colour white in alcohol. 
c—Disk plates fino; radial shields rather small, about one-third as 
long as the disk radius; arm spines shorter than the corresponding 
MON, OWS), ae S ESO UI polyplao. 
cc—Disk plates large; radial shields very stout, about half as long as 
the disk radius; arm spines of basal arm joints longer than the 


COMMAS ATMO IE? Toliléon on. nod νον. '''........ TN longispina. 
o 


Ophiozonella elevata (Crank). 


Ophiozona elevata : CLARK, Bull. U. S. Nat. Mus, CXXV, 1911, p. 31, 
fig. 6. l 
Off Gotó Is., Eastern Sea; 95-106 fathoms (Crank). 


* 


Ophiozonella platydisca (CLARE). 


Ophiozona platydisca : Crank, Bull. U.S. Nat. Mus, LXXV, 1911, p. 
34, fig. 1. 
Off Hiro Misaki; 191 fathoms (Crank). 


Ophiozonelle projecta (KEHLER). 


Ophiozona projecta : Kœnrer, Exp. Siboga, XLV, Pt. 2, 1905, p. 19, 
Pl. I, figs. 10-18; Crank, Bull. U. S. Nat. Mus, LXXY, 1911, p. 36. 
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Numerous specimens; off Nii-jima, Sagami Sea. Numerous 
Specimens; off Misaki, 
Sagami Sea. 

Off Gotó Is., Eastern 
Sea; 95-106 fathoms 
(Crank). 

Malaysian waters. 

Sagami Sea is pro- 
bably the northern limit 
of this Indo-Pacific 
species. 

The arms are very 
long and slender, being 
five to eight times as 
long as the disk diam- 


eter, so that they 





are longer than in 


Ec Che P 
Fig. 79. Ophiozonella projecta. x14. a. From above. KamHLER's ty pe. The 
b. From below. c. Side view of three arm joints near 


"e genital scales are two 
(USK. 


to each slit, the outer 
one being much longer than the inner. In some of the basal 


free arm joints, there are three arm spines instead of two. 


Ophiozonella polyplax (CLARK). 


Ophiozona polyplax:  Cramx, Bull. U.S. Nat. Mus, LXXV, 1911, p. 
35, fig. 8. 

Off southern Japan; 437 fathoms (Crank) Off Shio Misaki; 
440—587 fathoms (Crank). 


MONOGRAPH OF JAPANESE OPHIUROIDEA. 297 


Ophiozonella longispina (Οτλτικ). 


Ophiozona longispina: Ctarx, Bull. Mus. Comp. Zool, LI, 1908, p. 
290; Crank, Bull. U. S. Nat. Mus, LXXV, 1911, p. 83. 

Numerous specimens; Suruga Gulf. Numerous specimens ; 
Sagami Sea. 

Off Heda ; 337 fathoms (CrAnk). Suruga Gulf ; 45-124 fathoms 
(Cuarx). Uraga Channel; 58 fathoms (Crank). Off eastern Japan; 
191 fathoms (Crank). 

The supplementary tentacle scales are very well developed. 
In the basal arm 
joints, there are one 
or two of them on 
the adradial border 
of each pore, beside 
one large, oval or- 
dinary scale on the 
abradial border. So 
that, the tentacle 
scales of this species, 
as well as of Ophio- 
zonella alba (LUTKEN 
& MORTENSEN), re- 


mind us of those of 


Ophiodoris and of 
. . © 
certain species of 
Ophiochiton. The Fig. ΒΟ. Ophiozonella longispina. 3.3. c. From above. 


b. From below. c. Side view of three arm joints near 
dorsal and ventral disk. 





arm plates are re- 


latively wider than in many other species of this genus. The 
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arm spines are also very loug, in contrast to those of other 
Species. 


Ophiozona (Las, 1865) restr. 


Disk covered with very numerous small plates, the larger 
ones being surrounded by a zone of smaller ones. Radial shields 
small, separated from one another. A trio of disk plates dis- 
tinctly present between the outer parts of each pair of radial 
shields. Two long genital slits in each interradius. Oral and 
adoral shields small. Four or five oral papille on either side of 
a jaw; the outermost one is pointed inwards above the next 
papilla, which is the largest. Teeth arranged in a single vertical 
row. Dental papillae absent. Arms rather long and slender, very 
gradually tapering outwards, with obtuse end. Dorsal as well as 
ventral arm plates well developed, almost quadrangular, widely in 
contact with one another through almost the entire length of 
the arm. Lateral arm plates of either side not meeting above 
or below. Four or five short arm spines, Two tentacle scales 
to each pore. 

This genus, as here restricted, includes Ophiolepis impressa 
LüTkEN, 1859, and O. pacifica Τύτκεν, 1859, the former being 
the genotype. 

Ophiozona is very near to Ophiolepis, being distinguished from 
it only by the total absence of supplementary dorsal arm plates. 

Ophiozona is wholly a littoral form, like Ophiolepis, and ranges 
to the West Indies and the Pacific side of Panama. The fauna 
of either side of Panama closely resemble cach other, apparently 
as a result of à former open communication. The distribution of 


Ophiozona, as well as of Ophioderma, is interesting in this respect. 
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Key to Japanese species of Ophiolepis. 


A—Radial shields about as large as the ordinary disk plates; arms 
slender; supplementary dorsal arm plates present along the outer 
and lateral borders of the dorsal arm plates proper; three or four 
abin ΕΕ το cac ο ποσο ο ο ο ο... οποία. 

AA—Radial ‘shields much larger than the ordinary disk plates; arms 
stont; supplementary dorsal arm plates present only on either side 


of the dorsal arm plates proper; five to seven arm spines........ 


$9 om oe oh n e o) 6n 9 d a ο s o pots 9 ο ου a s c t t oloo 


Ophiolepis cincta MÜLLER & 'lROSOHEL. 


Ophiolepis cincta: MÜLLER & TROSCHEL, Sys. Ast, 1842, p. 90; Lür- 
KEN, Adit. ad Hist. Oph., Π, 1859, p. 101, Pl. I, fgs. 6a & 6b; vox 
MARTENS, Arch. Nature., XXXVI, 1870, p. 2457; Lyman, Rep. Challenger, 
V, 1882, p. 19, Pl. XXXVII, figs. 7-9; STUDER, Abh. K. Preuss. Akad. 
Wiss. Berlin, 1882, p. 7; MARKTANSER-TURNERETSCHER, Ann. K. K. Naturh. 
Hofmus. IT, 1887, p. 294; Duxcax, Journ. Linn. Soc. London, XXI, 1887, 
p. 86; Brock, Zeitschr. wiss. Zool. XLVII, 1888, p. 475; BELL, Proc. Zool. 
Soe. London, 1888, p. 388; DÖDERLEIN, Zool. Jahrb. Sys., III, 1888, p. 831; 
Lortot, Rev. Suisse Zool, T, 1893, p. 398; Τόποι, Mém. Soe. Phys. 
d'Hist. Nat. Genève, XXXII, 1894, p. 9; Καπτπη, Bull. Sci. Fr. Belg., 
XXXI, 1898, p. 66; LupwiG, Abh. Senckenberg. Naturf. Gesell, XXI, 1899, 
p. 944; Prerrer, ibid, XXV, 1900, p. 83; Kenter, Exp. Siboga, XLV, 
Pt. 2, 1905, p. 16; KERER Bull. Sci. Fr. Bele., XLI, 1907, p. 287; 
Crank, Bull. Mus. Comp. Zool, ΤΙ, 1908, p. 289. 

Ophiolepis garretti: ymax, Proc. Boston Soc. Nat. Hist, VIII, 1862, 
υὑ EMT η CA GEM Ta Comp. Zool ΤΠ 1865, p. ΟΙ. PL BU; 
4. 

Ophiolepis cincta var. nigra: STUDER, loc. cit. 


Two specimens ; locality unknown. 


1) These papers were not seen by me. 
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Indo-Pacific. 

The disk is very 
convex and nearly he- 
mispherical. In one of 







Se T B. 
the specimens, the disk L ts 

TRE IE 5j 
τ Ed 


LY) 


X ο pat E 
EH A 154 
TELE s 24 





is 14mm. in diameter 








and 6mm. in height. 


The arms are of unequal 





length, and are two and 
a half times to five 
times as long as the 
disk diameter. The Fig. 81. Ophiolepis cincta. x6. a. From above. b. 
colour is mottled on From below. 

the disk, and annulated 


on the arms, with greenish and yellowish gray. 


Ophiolepis annulosa MÜLLER & Tnoscugr.? 


Ophiura annulosa: BLAINVILLE Manu. Act, 1834, p. 244, Pl. XXIV, 
figs. 1-43. (Non Lamarck, 1810.) 

Ophiolepis annulosa: MÜLLER & 'UnoscHEL, Arch. Naturg., VI, 1840, p. 
328”; MÜLLER & 'lhoscHEL, Sys. Ast., 1942, p. 89, Pl. VIII, fig. 4; LÜTKEN, 
Addit. ad Hist. Oph., II, 1859, p. 101, Pl. IL, figs. 5a & 5b; Lyman, Ill. 
Cat. Mus. Comp. Zool, I, 1865, p. 58; vox Martens, Arch. Nature., XXXVI, 
1870, p. 2465; ΤΝΝΑΝ, Rep. Challenger, V, 1882, p. 19; BELL, Proc. Zool. 
Soc. London, 1887, p. 140; Brix, ibid. 1888, p. 388; DÖDERLEIN, Zool. 
Jahrb. Sys, IIF, 1888, p. 881; Τιοπιοι, Mém. Soc. Phys. d'Hist. Nat. 
Genéve XXXII, 1895, p. 10; Bett, Proc. Zool. Sor. London, 1894, p. 
395; DÖDERLEIN, SEMON -- Zool. Forschungsr, V, 1896, p. 283; Lupwie, Abh. 





1) Crang has recently proposed a new name Ophiolepis superb. for this species (Spolia 
Zeylanica, X, 1915, p, 89). Though Brarsvirnk's Ophiura annulosa is preóceupied by LaxARCE'S, 
MÜrrzER ἃ; Troscuen’s Ophiolepis annulosa is entirely free of homonyms. 

2) These papers were not seen by me. 
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Senckenberg. Naturf. Gesell, XXI, 1899, p. 544; Prerren, ibid., XXV, 1900, 
p. 99; KEHLER, Exp. Siboga, XLI, Pt. 2, 1905, p. 17; Crank, Bull. Mus. 
Comp. Zool, LI, 1908, p. 259. 

One specimen; Okinawa. 

Indo-Pacifie. Okinawa is 
probably the northern limit of 
this species. 

The radial shields are larger 
and the space between each 


radial pair is narrower than 





in LürTkEN's figure. The colour 

Le ee s FT 
is quite similar to LUTKEN's. b Yit 
The arm spines are only five T 


Fig. 82. Ophiolepis annulos«. x3. a. 


en rarely Ses i number, 2m From above. b. Side view of three arin 


that they are fewer than in joints near disk. 


Μύτππε & Troscuen’s type. 


Key to Japanese species of Ophioplocus. 

A—Disk scales more or less convex, so that the surface of the disk 
is rather rorgh; genital slits very short, pore-like; the halves of 
each dorsal arm plate proper separated from each other by six 
larger and a few smaller supplementary plates.......... imbricatus. 

AA—Disk scales flat, so that the surface of the disk is very smooth ; 
genital slits rather long, slit-like; the halves of cach dorsal arm 
plate proper separated from each other by eight to ten larger and 


several smaller supplementary plates................--. japonicus. 


Ophioplocus imbricatus (MÜLLER & TROSCHEL). 
Ophiolepis imbricata: MÜLLER & TroscHen, Sys. Ast, 1842, p. 99; 
LüTKEN, Addit. ad Hist. Oph., IT, 1859, p. 160. 
Ophioplocus tessellatus: iymax, Proc. Boston Soc. Nat. Hist, VIL, 
1861, p. 76". 
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Ophioplocus imbricatus: Lyman, Ill. Cat. Mus. Comp. Zool, I, 1865, 
p. 69; von Martens, Arch. Naturg, XXXVI, 1870, p. 246%; Lymay, Rep. 
Challenger, V, 1882, p. 20; STUDER, ΑΡΗ, K. Preuss. Akad. Wiss. Berlin, 
1882, p. 7; MARKTANNER-TURNERETSOHER, Ann. K. K. Naturh. Hofmus. Wien, 
ΤΙ, 1887, p. 295; Brock, Zeitschr. wiss. Zool, XLVII, 1888, p. 477 ; BELL, 
Proc. Zool. Soc. London, 1888, p. 988; DÖDERLEIN, Zool. Jahrb. Sys., III, 
1888, p. 840; Lomror, Rev. Suisse Zool, I, 1893, p. 298; Lorton, Mém. 
Soe. Phys. d'Hist. Nat. Genève, XXXII, 1894, p. 12; Prerrer, Jahrb. Wiss. 
Anstalt, Hamburg, ΚΤΠ, p. 47; DÖDERLEIN, Semon—Zool. Forschungsr., V, 
1896, p. 283; Lupwic, Abh. Senckenberg. Naturf. Gesell, XXI, 1899, p. 
544; KEHLER, Exp. Siboga, XLV, Pt. 2, 1905, p. 333; Kanter, Bull. Sci. 
Fr. Belg., XLI, 1907, p. 288; Crank, Bull. Mus. Comp. Zool, LI, 1908, p. 
989; Cranr, Bull U. S. Nat. Mus., LXXXV, 1911, p. 30. 

One specimen ; Okinawa. 


e 


Indo-Pacific. Okinawa may be the northern 


limit of this species. 


Ophioplocus japonicus CLARK. 


Oplioplocus imbricatus: Lymax, Bull Mus. 
Comp. Zool, IIT, 1874, p. 228 (pars); MARKTANNER- 





TURNERETSCHER, Ann. K.K. Naturh. Hofmus., IT, 1887, 
Fig. S8. Ophioplocus P- 295; Ives, Proc. Acad. Nat. Sei. Philadelphia, 1891, 
imbricatus. «δ. a. p- 4, Pl. y, fies. 6-10. 
Side view of three k z : A 
arm joints near disk. Ophioplocus japonicus: CLARK, Bull. U. S. Nat. 
Τον. ΤΧΚΥ ΠΠ. DOE i 5 
four arm joints near H " 
disk. Numerous specimens;  Eno-ura, Suruga. 
Numerous specimens; Misaki. Numerous speci- 
mens; Kommato, Bóshü. 
Pacific coast of IHonshü, probably eastwards to the limit of 


the lxuroshiwo Stream. 





1) These papers were not scen by me. 
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This species is distinguished from O. imbricatus chiefly by the 
longer genital slits and by the more numerous 
supplementary dorsal arm plates. Further, the 
disk scales and the supplementary plates are 
coarser, thicker and more convex in Ο. imbri- 
catus than in O. japonicus. I suppose that, 
MarkTANNER-TURNERETSCHER’S specimens from 


Enoshima are to be referred to the present 





species, because the occurrence of O. imbricatus 


there is very improbable. Ο. japonicus is ΤΊΘ. S4. Ophioplocus 

japonicus. x5. a. 
undoubtedly the most common ophiuran around Side view of three 
arm joints near disk. 
b. Dorsal view of 


coast of  Honshü. It occurs together with a mann joints ος 
(155. 


Misaki, and perhaps along the entire southern 


Ophiarachnella gorgonia, but is far more abund- 
ant. In a large specimen in my hands, there are four arm spines 
in some of the proximal free arm joints. 


Family 9. Ophioleucidz Marsuxoro, 1915. 


Disk flat, covered with very thick scales with superficial 
granulations. Radial shields naked or covered with granules; in 
internal view, they are very large and joined or very close-set in 
pairs. The radial shield and genital plate articulate with each 
other by means of two condyles and one pit. Genital slits very 
long, extending from the oral plate to the disk border, sometimes 
onto the dorsal side of the disk. Oral and adoral shields of 
moderate size or often large; each interradial pair of the latter 
joined to each other just inside the former. Numerous close-set 
oral papille, arranged in a single row. Dental papille absent. 


Teeth arranged in a single vertical series. Peristomial plates 
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usually double or triple, of moderate length or sometimes very long. 
The genital plate and scale of the same side of a radius articulate 
with each other near the outer end, both being very long and 
narrow. Arms very long and slender, imserted ventrally to the 
disk. Arm plates ‘all well developed, or sometimes the dorsal 
and ventral ones may be very rudimentary. ‘Two, or sometimes 
more, arm spines, short, conical, lying flat on the arm. One or 
two tentacle scales to each pore, which is sometimes very large. 

This family includes seven genera, which may be grouped as 
follows. 

I. Single tentacle scale; dorsal arm plates well developed, 

widely in contact with one another. 
Ophiopepale Liuxeman, 1871. 
Ophiocirce Kanter, 1904. 
Ophioleuce Kanner, 1904. 
Ophiopallas Kater, 1904. 
II. Single tentacle scale; dorsal arm plates very rudimentary, 
extremely minute. 
Ophiotrochus Lymax, 1878. 
Ill. Two tentacle scales; dorsal arm plates well developed, 
widely in contact with one another. 
Ophiernus Lymax, 1878. 
Ophiopyren Lyman, 1878. 

In Ophioleuce charischema (Crank), the peristomial plates are 
moderately large, triple, the paired ones being usually separated 
from each other by a median one. The oral plates are long and 
very slender. The oral frames are also long and slender, without 
lateral wings. The basal vertebre are relatively very long, the 
first one being the shortest and more or less discoidal. The 


genital plates are long and bar-like, with two articular condyles 
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and one articular pit at the outer end to fit to the two condyles 
and one pit of the radial shield. The genital scales are long, 
wide, thin, leaf-like, L-shaped in transverse section, articulating 
with the genital plate near the outer end of the latter. The 
radial shields in internal view are very large and completely 
joined in pairs. — Ophiopepale goésiana  LyoxGMAN and Ophiernus 
vallincola Lyman, which were dissected by Lxwaw, appear to be 
essentially similar to the preceding in the internal structures, save 
that the peristomial plates of the first are not triple but double, and 
those of the second single for ‘each oral angle. Again, according 
to Lwaw, the peristomial plates of Ophiopyren longispinus LYMAN 
are double and very long, forming together à complete ring around 
the mouth. As a whole, the internal structures of the present 
family resemble those of Ophiura and its allies. 


Key to Japanese genera of Ophioleucide. 


A—Tentacle pores small, each provided with a single scale. 

&— Oral papille not soldered together, uniform in size, or the outer- 
most one is larger than the others; arm joints short; dorsal arm 
plates well developed, widely in contact with one another; arm 


spines uniform in length .......... ο. ρα E Nor Ophioleuce. 


au—Oral papille soldered together, except the outermost two, which are 
exceedingly large; dorsal arm plates very rudimentary, exceedingly 
minute; basal arm spines especially long, the others short........ 
Tera E OO RRTODOCE ος OO OO ο... Ophiotrochus. 
AA—Tentacle pores large, each provided with two scales; dorsal arm 
plates very well developed ; ventral plates entire, in contact with one 


another; arm spines uniform in length................ Ophiernus. 
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Key to Japanese species of Ophioleuce. 


A—Dorsal side of disk, including the radial shields, closely covered 
with granules; oral shields longer than wide; outermost oral papilla 
not especially large; arm spines more than half as long as the 
Corres ροποιπα οσο ο ο. charischema. 

AA—Radial shields, as well as the larger disk scales, partially free of 
granules; oral shields wider than long; outermost oral papilla very 
large and operculiform; arm spines less than half as long as the 


ο ποπ πο mum e brevispinum. 


Ophioleuce charischema (CLARK). 

Ophiocten charischema : Crank, Bull. U.S. Nat. Mus., LXXV, 1911, p. 
97, fig. 35. 

- Numerous specimens; Mera-out-Oisegaké, Sagami Sea; 300 
fathoms. 

Eastern Sea; 95-152 fathoms (Cranx). Off Honshü; 63 
fathoms (CLARK). 

In my specimens, several 
spines are present on the disk, 
mingled with granules; they 
fall off easily on rubbing. The 
smaller specimens have the 
dorsal disk plates and radial 
shields partially naked. 


Ophioleuce brevispinun 
(Crank). 





Ophiocten brevispinum : CLARK, 
Fig. 85. Ophiolewce charischema x6. 


a. From above, b. From below. ο, Side Bull. U.S. Nat. Mus, LXXV, 1911, 


view of four arm joints near disk. p. 98, fig. eg 
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Eastern Sea; 361 fathoms (Cranx). 


Ophiotrochus longispinus CLARK. 
Ophiotrochus longispinus: Crank, Bull. U.S. Nat. Mus., LNXXV, 1911, 
p. 94, fig. 33. 
Sagami Sea; 918 fathoms (Crank). 


Ophiernus adspersus LYMAN. 

Ophiernus adspersus: Lyman, Bull. Mus. Comp. Zool, X, 1883, p. 
236, Pl. IIJ, figs. 19-21; Kanner, Ann. Sei. Nat. Zool, Sér. 8, IV, 1896, 
p. 316; KEHLER, Ech. Indian Mus., Deep-sea Oph., 1899, p. 32; CLARK, 
Buli. U.S. Nat. Mus., LXXV, 1911, p. 96, fig. 34. 

Ophiernus annectens: LÜTKEN & MORTENSEN, Mem. Mus. Comp. Zool., 
XXIII, 1899, p. 107, Pl. V, figs. 4-6. 

Eastern Sea; 440 fathoms (Crank). Colnett Strait; 1,008 
fathoms (Oríink) Off Hiüga; 578 fathoms (Crank) Off Ki; 
244—290 fathoms (Crank). | 

West Indies. Eastern Atlantic. Eastern and western Pacific. 


Indian Ocean. 


Family 3. Ophiodermatidae Liunemay, 1867. 


Disk closely covered with fine granules, and sometimes with 
scattered spines. Oral angles, sometimes also the oral shields, 
covered with granules. Numerous close-set oral papille, of which 
the outermost is pointed inwards and projects above the next 
papilla, which is the largest. Dental papille absent.  Peristomial 
plates triple. Oral frames without well developed lateral wings. 
Radial shield and genital plate of the same side of a radius arti- 


culating with each other by means of two condyles and one pit. 
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Arms moderately long, stout, cylindrical; stoutest at the base, 
horizontally flexible. Arm plates all well developed. Numerous 
arm spines, short or moderately long, lying flat on the arm or 
ereet. One or two tentacle scales to each pore; when there are 
two, the abradial scale overlaps the base of the lowest arm spine. 
This family inelndes sixteen genera, which may be grouped 
into two subfamilies as follows. 
Subfamily 1. | Ophiarachnine Marsuworo, 1915.—Arm spines 
nob very short, erect. l 
I. Oral shields entirely covered with granules; arm plates 
usually concentrically striated ; arm spines hyaline. 
Ophiuroconis Marsumoto, 1915. 
Ophiurodon Matsumoto, 1915. 
If. Oral shields naked ; arm plates not concentrically striated ; 
arm spines opaque. 
Ophiurocheta Marsumoto, 1915. 
Ophiarachna Mttiern & Troscuer, 1842. 
Subfamily 2. Ophiodermatinw Matsumoro, 1915.—Arm spmes 
very short, lying flat on the arm. 
A. Single tentacle scale to each pore. 
I. Oral shields entirely covered with granules. 
Ophioconis LürkrN, 1869  (—Ophiocormus CLARK, 
ο. 





1) I can not find in Crank's description and figures any tangible character, by which his 
Ophiocormus is distinguished from the genuine OpAioconis, The blunt tip of the arms and the 
very short and appressed arm spines of his Ophiocormus are not at all Ophiocanthine but 
perfectly Ophiodermatine, Cranx's unique specimen, on which his genus is based, is certainly 
very young, measuring only 3mm. across the disk and 6mm. in the arm length. So that, 
all the “notable” characters are merely what may be expected in such a young specimen. 
In my opinion, Ophiocormus is a genuine Ophioconis, if indeed it is not a young stage of 
Cryytopelta, 
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Cryptopelta Crarx, 1909. 

II. Oral shields naked. 
Bathypectinura Crarx, 1909. 

B. Two tentacle scales to each pore. 

IIL Genital slits entire. 
Pectinura Forres, 1842. 
Ophiopezella Lyunemax, 1871. 
Ophioche'a Lirxen, 1809. 
Ophiarachnella Lauxcman, 1871. 
Ophiochasma LxuNGMAN, 1871. 

IV. Genital slits divided into two secondary pores. 
Ophioderma Mürrer & TnoscuEL, 1812. 
Ophioncus lvrs, 1889. 

Diopederma Crarg, 1912. 
Ophiocryptus Cuark, 1915. 

This family is very uniform in its internal structure. The 
peristomial plates are always triple, one of the three secondary 
plates filling up the outer open angle formed by the other two, as 
observed by myself in Ophiuroconis monolepis Marsumoro, Ophiurodon 
grandisquama (K@uter), Ophiurocheta miata (Lyman), Ophiarachna 
incrassata (Lamarck), Pectinura anchista Cuarx, Bathypectinura gotor 
Matsumoto, Ophiarachnella gorgonia (Μύττεπ & TnoscnzL), Ophio- 
derma januarii LÙTKEN, O. brevicauda LüTKEN, Κο. In Ophiarachina 
“incrassata and Bathypectinura gotoi, the oral frames are very long 
and have distinct, V-shaped grooves for the ambulacral ring canal, 
while in the others they are short and have no distinct grooves 
for the ring canal. In Ophioderma, the genital plate and scales of 
the same side of a radius are soldered together at the middle, so 
that the genital slit is divided into two secondary pores, an 
inner and an outer. An important characteristic of the present 
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family is that the radial shicld and genital plate of the same side 
of a radius articulate with each other always by means of two 


articular condyles and one articular pit. 


Revision of Ophioconis, s. ext. 


In my opinion, Ophioconis as hitherto understood is a very 
heterogeneous genus and is divisible into many natural groups, 
each of which is quite compact and worthy of forming a distinct 
genus. In treating of Ophioconis diastata and papillata, Oranx? 
expresses a serious doubt as to the systematic position of Ophio- 
conis s. ext, and remarks that, he will “not be surprised if 
some of the species now placed in Ophioconis, really belong in the 
Ophiacanthide, while others are placed in the Ophiodermatide." 
Kanner”? also says that, “les O. cupida, permixta, cincta et 
grandisquama forment, dans le genre Ophioconis, un groupe à part 
ct qui offre une physionomie différente de celle des autres Ophio- 
conis.” Both authors are right in their views. CLaRK’s species 
are, in my opinion, referable to Ophiolimna, while the species 
mentioned above by Καπτεπ as forming a separate group are to 
be included in Ophiurodon Marsumoro, A third atypical group of 
Ophioconis is represented by O. miliaria Lyman, 1878, and pulveru- 
lenta. Lyman, 1879, whieh I wish to refer to Ophiuroconis Martsu- 
moro, while a fourth is represented by Ophioconis indica Kanter, 
1898, for whieh however I do not dare to propose a new generic 
name, because I have no specimens of it. Thus the genuine 
Ophioconis includes only two Mediterranean species, viz. O. forbesii 
(Herter, 1862) and brevispina Lupwic, 1880. The new sub- 








1) Bull. U.S. Nat. Mus, LXXV, 1911, p. 28. 
2) Exp. Siboga, XLV, Pt. 2, 1905, p. 16. 
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divisions of Ophioconis s. ext., together with certain allied genera, 
are distinguished as follows. l 
A—Arm spines long and flagellate, erect. 
«—Outermost oral papilla very large and operculiform; peristomial 
plates simple, very short and wide, the two halves being soldered 


together fairly well, without median secondary plate 


-- -υ-'ις ον ον «dibiiolimna, emend. 
aa— Outermost oral papilla pointed inwards, projecting above the next 
papilla, which: is the largest; peristomial plates triple, with 


median secondary plate, fairly long and wide. 


“a 


t—Oral shields entirely covered with granules; arm plates usually 
concentrically striated; arm spines hyaline. ; 
c—Teeth triangular and pointed, ventral arm plates wider than long, 


usually separated from one another.................. Ophturoconis. 


cc— Teeth flat, thin, with much widened and often serrate end ; ventral 


arm plats longer than wide, in contact with one another ........ 
ο ου. ο ος ee Ree Ophiurodon. 
lb—Oral shields naked; arm plates not concentrically striated; arm 


spines opaque. 


d—Disk granulations mingled with a number of spines ; accessory oral 


shields absent.............. asus cedet re tenes ee Ophturochceta . 


dd—Disk free of spines; accessory oral shields usually present just out- 


side the ordinary ones ..... cias MM ώς ... Ophiarachia. 


AA—<Arm spines very short, lying flat on the arm, hyaline. 
e—Oral shields entirely covered with granules 


ee—Oral shields naked 


..... Ophioconts, restr. 
> indica. 

Ophiolimna emend. is à typical member of the Ophiacanthido ; 
Ophinroconis, Ophiurodon, Ophiurocheta and Ophiarachna form the 


Ophiarachnine ; and Ophioconis restr. and ** Ophioconis” indica are 


ο are DN. ee γκο. Ophioconis ' 


referable to the Ophiodermatinw. — Ophioconis restr. is very near to 
Cryptopelta, but differs from it in the hyaline arm spines, while 


* Ophioconis" indica resembles Pectinura, differing from it also in 
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the hyaline arm spines. There is some possibility that, Ophioconis 
and Cryptopelta are eongeneric and that ** Ophioconis” indica is an 


extreme form of Pectinura. 


Ophiuroconis Matsumoto, 1915. 


Disk and oral angles, including the oral shields, closely 
covered with fine granules. Six or seven oral papille on either 
side of a jaw; the outermost one is pointed inwards and projects 
above the next papilla, which is the largest. Teeth triangular 
and obtusely pointed. Dental papille absent. Arms not very 
long, eylindrieal, widest at the base, tapering outwards to a very 
slender tip, where the vertebre are imperfectly divided into halves 
by a series of pores. Ventral arm plates wider than long, not in 
contact with one another except in the very basal joints. Six or 
more arm spines, long, flattened, hyaline, laterally flared. One or 
two tentacle scales to each pore. 

This genus includes Ophioconis pulverulenta Lyman, 1879, 
and O. miliaria Lyman, 1878, besides the genotype, Ophiuroconis 
monolepis Matsumoto, 1915. 


Ophiuroconis monolepis MATSUMOTO. 

Ophiwroconis monolepis : Mavsumoto, Proc. Acad. Nat. Sci. Philadelphia, 
1915, p. 85. 

Six specimens; Sengendzuka-Aoyamadashi, Sagami Sea; 85 
fathoms. Two specimens; Mera-out-Oisegaké, Sagami Sea; 300 
fathoms. 

Diameter of disk 5 mm. Length of arms 25 mm. Width of 
arms at base 1 mm. 

Disk nearly circular, slightly puffed interbrachially, very soft, 
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closely covered with very fine granules, of which eleven or twelve 
lie in 1mm. Radial shields entirely covered over. Interbrachial 
ventral surfaces and oral angles, including the oral and adoral 
shields, also covered with granules, which are similar to those of 





Fig. 86. Ophiuroconis monolepis. «t. From above. x15. b. From below. x12. 
c. Side view of two arm joints near disk. x12. 


the dorsal side. Genital slits long, nearly reaching to the disk 
margin. Six or seven oral papille on either side, closely sot, 
acute; the outermost one is pointed inwards, projecting above the 
next papilla, which is slightly larger than the rest and obtuse. 
Teeth triangular, not very stout, obtusely pointed. 

Arms about five times as long as the disk diameter, more or 
less cylindrical, widest at the base, uniformly tapered outwards to 
a very slender tip. Dorsal arm plates rather small, fan-shaped, 
with eonvex outer border, slightly shorter than the corresponding 
arm joint, wider than long, convex along the median line, so that 
the arm is keeled as a whole. Lateral arm plates of the two sides 
meeting above as well as below. First ventral arm plate extreme- 
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ly small and very insignificant. Those following small, triangular, 
with very large inner angle and very long, convex outer border, 
shorter than the corresponding arm joints, much wider than long ; 
they become smaller and shorter outwards. All the arm plates 
are concentrically striated, as seen under the microscope. Six or 
seven arm spines, spiniform, acute, slightly flattened, hyaline, 
erect; the uppermost one or two are nearly twice as long as the 
corresponding arm joint, while the lowest one is slightly shorter 
than the same. Single small, leaf-like, acute tentacle scale to 
each pore. Vertebræ of the distal arm joints imperfectly divided 
into halves by a series of pores. 

Colour in aleohol light yellow. 

This species is at once distinguished from both Ο, miliaria 
(Lyman) and pulverulenta (Lyman) by the fewer oral papille, by 
the fewer and shorter arm spines and by the presence of only a 
single tentacle scale to each pore. 


Ophiurodon Marsumoro, 1915. 


Disk, as well as radial shields, closely covered with fine 
granules, sometimes bearing scattered spines. Oral angles and 
oral shields also granulated. Four or five oral papille on either 
side, the outermost one projecting inwards above the next papilla. 
Teeth very flat and widened, with very thin and translucent end, 
arranged in a single vertical series. Dental papille absent. Arms 
not very long, widest at the base, tapering outwards to a very 
slender tip. Dorsal and lateral arm plates usually concentrically 
striated. Ventral arm plates very narrow, longer than wide, fully 
in contact with one another. Vertebre of the distal arm joints 


often imperfectly divided into halves by a series of pores. More 
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than six arm spines, long, flared, longer than the corresponding 
arm joint. Single tentacle scale to each pore. 

This genus includes Ophioconis cincta Brock, 1888, O. permixta 
Kanner, 1905, and O. cupida Kanter, 1905, besides the genotype, 


O. grandisquama X«anren, 1904. 


Ophiurodon grandisquama (KEHLER). 
Ophioconis gradisquama : Kanter, Exp. Siboga, XLV, Pt. 1, 1904, p. 
11, Pl. IT, figs. 11 & 12. 
One specimen ; Okinosé, Sagami Sea. 
Malaysian waters. 
The teeth are very flat, thin, widened, hyaline, but not so 
sharply serrate as in the three other species of the present genus. 





Fig. 87. Ophiurodon grendisquama. a. From above. x20. b. From below. x12. 


The dorsal and lateral arm plates are concentrically striated. The 
arm spines are longer than in the three other species, and are 
much flattened, not uniformly tapered, but retain nearly the same 
width until very near tho end, where they abruptly taper. In the 


first few arm joints, they are more or less spatulate. 
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Ophiurocheta Marsumoro, 1915. 


Disk, as well as radial shields, closely covered with fine 
granules and bearing scattered spines. Oral angles granulated, 
oral shields naked. Oral papillae numerous, close-set, the outermost 
papilla being pointed inwards above the next papilla, which is the 
largest. Arms not very long, rather stout, widest at the base. 
Dorsal, as well as ventral, arm plates well developed, fully in 
contact with one another. Six or more arm spines, long, flared, 
longer than the corresponding arm joint. Two tentacle scales to 
each pore, the abradial one overlapping the base of the lowest 
arm. spine. 

This genus includes Ophiochwta mixtla Lyman, 1878 (referred 
to Ophiolimna by VERRILL, 1899), and Ophiolimna littoralis Kauen, 
1912, the first being the genotype. i 

This genus apparently resembles Ophiochæta, but differs from 
it in the long and flared arm spines. Ophiurochela differs from 
Ophiolimna VERRILL, 1899, in the more numerous oral papille, of 
which the outermost one is not very large and operculiform, but 
pointed inwards above the next papilla, which is the largest; in 
the well developed dorsal and ventral arm plates, and in the pre- 
sence of two tentacle scales, of which the abradial one overlaps 
the base of the lowest arm spine. VERRILL thinks that the internal 
structures of O. mixta are much like those of Ophiacantha ; but 
my own observations lead to a quite different conclusion. 

I have observed the internal structures of Ophiuroconis mono- 
lepis, Ophiurodon grandisquama, Ophiurocheta mixta, Ophiarachna 
incrassata, Ophiochiton fastigatus, Ophioplax lamellosa, &c., and 
satisfied myself that they all belong to the same type. In these 
forms, the peristomial plates are always triple, one of the secondary 
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plates filling up the outer open angle formed by the other two ; while 
in Ophiacantha, Ophiolimna, ἆο., tho peristomial plates are simple, 
or double with soldered halves, always lacking the unpaired secon- 
dary plate. Further, the peristomial plates are relatively to their 
width distinctly longer in the former type than in the latter. 

When I compared a young specimen of Ophiarachna incrassata 
with a specimen of Ophiurocheta mixta, kindly presented by Dr. 
H. L. Crank, and with lXaunm's photographs of O. littoralis, I 
was instantly struck by the similarity in their plan of strueture. 
The only differences of Ophiurocheta from Ophiarachna are the 
presence of the scattered disk spines and the absence of the 
accessory oral shields, besides the smaller size. The systematie 
value of the accessory oral shields is, however, scarcely recognised 
by Crarx. And I have also observed the absence of aecessory 
shields in some interradii of a certain specimen of Ophiarachna 
incrassata. One may with good reason regard the relation of 
Ophiurocheta to Ophiarachna to be parallel to that of Ophiomastix 
to Ophiocoma or of Ophiocheta to Pectinura.” 





1) Cranz, 1915, has provisionally referred my Ophiurocheta to Ὑεπιπτα’5 OpAiotreta. The 
latter genus, which includes six species according to Crank, is undoubtedly too heterogeneous to 
be looked upon as a distinct genus; and I can find practically no common characteristic for these 
six species. I look upon Verninu’s Ophiotrela merely as a section of the genuine Ophiacantha. 
As Cranx's Ophiotreta is very heterogeneous, it is almost useless to compare my Ophiurocheeta 
with the rest of Cranx's Ophiotrela. So that I wish here to compare my Ophiurochata with the 
type of Ophiolreta. They differ as follows. 

Ophiurochata :—Disk covered with fine granules, besides scattered spines; oral angles regularly 
triangular, regularly closing the oral slits, distinctly granulated; ‘oral shields situated far in- 
wards, so that the distance from their inner end to the tip of the oral angles is very short; 
no cluster of dental papille, though a few infradental papille may be present; orsal arm 
plates fairly wide, so that the arm spines do not approximate dorsally; ventral arm plates dis- 
tinctly in contact with one another; arm spines not extremely long, opaque and not serrate (at 
least in adult); two tentacle scales to each pore, the abradial one overlapping the base of the 
lowest arm spine. s 

Ophiacantha (Ophiotreta) lincotate :—Disk covered with coarse granules, besides scattered 
spines ; oral angles distinctly narrowed at base by the second oral tentacle pores, so that the 
oral slits are gaping; no granulation on the oral angles; oral shields situated far outwards from 
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Ophiarachna incrassata (Lamarck). 


` Ophiura incrassata: WiamManck, Hist. Nat. Anim. sans Vert., IJ, 1510, 
p. 542. ὶ 

Opliarachna incrassata: MÜLLER & "ÜnosocHEL, Sys. Ast, 1842, p. 
104; LÜrkEN, Addit.. Hist. Oph., IIT, 1869, p. 38; Lyman, Bull. Mus. 
Comp. Zool. ITT, 1874, p. 221; Layman, Hep. Challenger, V, 1882, p. 173; 
Brock, Zeitschr. wiss. Zool, NUVI, 1888, p. 495; Kunuer, Exp. Siboga, 
XLV, Pt. 2, 1905, p. 64; Kanner, Bull Sc. Fr. Belg; XLI, 1907, p. 330; 
Crank, Bull. Mus. Comp. Zool, LI, 1908, p. 298; Crank, ibid., LIT, 1909, 
p. 128. 

Three specimens; Bonin Is. One specimen; Okinawa. 

Indo-Pacific. Okinawa and Bonin Is. seem to be the northern 
limits of this species. 

One of the specimens from the Bonin Is. and the one from 
Okinawa agree perfectly with MürrER & TroscmeL’s description. 
The largest one from the Bonin Is. is 50 mm. in the disk diameter, 
170 mm. in the arm length and 8 mm. in the arm width at base. 
Its colour in alcohol differs from that of the others, and is yellow- 
ish [sore above, dark brown below, being handsomely dotted 
with lighter shade on the ventral interbrachial spaces, ou the oral 
shields, on the tentacle scales, and on the lower arm spines. The 
third specimen from the Bonin Is. is notably different from the 


others: the oral shields are a little longer than wide, and the 





the tip of the oral angles; cluster of denial papilke present; dorsal arm plates very narrow, so 
that the arm spines more or less approximate dorsally in a few basal arm joints; ventral arm 
plates entirely separated from one another; arm spines extremely long, translucent and finely 
serrate; single tentacle scale to each pore (two scales to the first pore only), not overlapping 
the base of the lowest arm spine. 

All the distinctive characters of Ophiurocheta are perfectly Ophiodermatine, and those of 
the type of Ophiotreta thoroughly Ophiacanthine. I believe that, Ophiurochceta cannot be united 
with Ophiotreta, unless the majority of the now recognised genera of the Ophiuroidea should be 
united to a single genus, 
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Fig. 85. Opkiorachna incrassate. x1}. «. From above. b. From below. ο. 
Side view of four arm joints near disk. showing the regenerated arm spines, 


accessory oral shields are very rudimentary or absent.” Compar- 
ing these four specimens, we find that the arm spines are longer, 
blunter and more flattened in the larger specimens. The propor- 
tion of width to length of the oral shields is not constant. The 
size ratio of the accessory oral shield to the oral shield proper 
differs in specimens. The pairs of the adoral shields are sometimes 


asymmetrical. The arm spines may regenerate. 


Key to Japanese genera of Ophiodermatine. 


A—Single oval tentacle scale to each pore; three or four arm spines ; 
radialishields pariy naked cco e Bathypectinura. 
AA—Two tentacle scales, of which the abradial one overlaps the base 
of the lowest arm spine; six or more arm spines. 
«a—Radial shields covered over ..,................ Pectinura. 


ga ΠΠ! shields πεκοῖ............................... Ophiarachnella. 





1) In Pectinura, Ophiarachnella, Bathypectinura and Ophiarachit, the accessory oral shields 
are not constantly present, I therefore consider it more natural to refer Ophiopeza danbyi 


FARQUHAR to Ophkiarachna than to J'ectimura, notwithstanding the absence of the accessory oral 
shields, 
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Bathypectinura gotoi Matsumoto. 


Bathypectinura gotoi: MATSUMOTO, Proc. Acad. Nat. Sci. Philadelphia, 
1915, p. 87. 

Two specimens; Nishinoyodomi, Sagami Sea; 170 fathoms. 

Diameter of disk 50mm. Length of arms 195mm. Width 
of arms at base 7 mm. 

Disk pentagonal, flat, closely covered with fine granules, of 
which four or five occur in 1mm. Radial shields only partly 
naked, but distinguishable 
through the superficial 
granulations as large, elon- 
gated ovate, slight swel- 
lings, nearly half as long 
as the disk radius, and 
wider outwards ; the naked 
part is very small, ovate, 
and wider without than 
within. Genital slits very 
long, almost reaching to 
the margin of the disk. 
Genital plates distinct, long 
and very stout. 

Oral shields — small; 
triangular, with rounded 





angles and convex sides, 


Fig. S9. Bathypectinuwa gotoi. x13. a. From 
above. b. From below. ο, Side view of four arm 
joints near disk, d. Dorsal view of five arm joints Accessory oral shields very 


somewhat near disk, showing the divided dorsal ^ 
arm plates. rudimentary. In one of 


almost as wide as long. 


the two specimens, they 
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are absent; but in the other they are indistinctly represented by 
one or two small scales, separated from the oral shield by gran- 
ules. The adoral shields are almost, and the oral plates entirely, 
covered with granules, which are coarser and sparser than in the 
outer parts. Eight or nine oral papilla on either side; the outer- 
most two or three are large, flat. thin; the seeond from the 
outermost is the largest; inner ones very small, somewhat conical, 
obtuse. At the apex of the jaw, an unpaired infradental papilla 
is often present. Five to seven teeth, irregular in shape and size, 
with pointed or rounded ends, arranged in an irregular vertical 
row. 

Arms long, stout, gradually tapered, with a rather sharp 
dorsal ridge, triangular in transverse section. Dorsal arm plates 
large, almost oceupying the entire dorsal surfaee of the arm. 
quadrangular, with rounded outer corners, a little wider without 
than within, much wider than long, three to four times as wide 
as long, with a rather sharp ridge in the median line; some of 
them divided into several irregular pieces. Lateral arm plates 
very low, less than half the height of the arm, meeting neither 
above nor below.  Ventral arm plates small, rhomboidal, with the 
shorter diagonal parallel to the arm axis. The first plate is 
almost as wide as, but much shorter than, the following. The 
three or four plates beginning with the second have a median 
keel, which is more prominent proximally both with regard to one 
plate and to the arm as a whole. Arm spines four for the most 
part, but three in the distal part, very short, flattened, lanceolate, 
obtuse; the lowest one is somewhat longer than the others. One 
tentacle seale, large, oval, thin, flat; adoral ones larger. 

Colour in alcohol light yellowish brown. 


This species is quite near to B. lacertosa (Lyway), but 
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differs from it in the coarser disk granules, in the smaller naked 
part of the radial shields, in the more strongly ridged dorsal arm 
plates, in the much lower lateral arm plates, in the ventral arm 
plates being wider than long and angled inwards as well as 
outwards, and in the arm spines being much shorter than the 


corresponding arm joints. 


Pectinura anchista CLARK. 


Pectinura anchista: CiarK, Bull. U. S. Nat. Mus, LXXV, 1911, p. 
23, fig. 1. 

Numerous specimens ; off Misaki, Sagami Sea. One specimen ; 
off Uki-shima ; 300 fathoms. 

Off Suno Saki, Sagami Sea; 49 fathoms (CharKk). Kagoshima 
Bay; 85 fathoms (Crank). Eastern Sea; 95-139 fathoms (CLARK). 

This species strongly resembles P. cylindrica (Πυττον), and it 
is somewhat doubtful whether the two are really distinct. As to 
the proportion of the arm length to the disk diameter, the dif- 
ference pointed out by Crank has, in my opinion, no significance ; 
for the specimens in my hands have proportionately shorter arms. 
One specimen is 9mm. iu the disk diameter and 30 mm. in the 
arm length, while another specimen is 8 mm. in the disk diameter 
and 33mm. in the arm length. The colour seems to change in 


aleohol with time from purple to pink. 


Key to Japanese species of Ophiarachnella. 


A--No trio of naked disk plates just outside and between each pair of 
radial shields; oral shields longer than wide ............ yorgonia. 
AA—<A. trio of naked disk plates present just outside and between each 


pair of radial shields, on the dorsal side of the arm base. 
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(t— Radial shields small, not much larger than one of the trio of naked 
plates; oral shields wider than long ......... ........ infernalis. 
aa—Radial shields very large, but the trio of naked plates very small; 


oral shields longer than wd cT megalaspis. 


Ophiarachnella gorgonia (MÜLLER & TROSCHEL). 


Ophiarachna gorgonia : MÜLLER ἃ TroscHEL, Sys. Ast., 1842, p. 105; 
Lvwaw, Ill. Cat. Mus. Comp. Zool., I, 1865, p. 39. 

Pectinura govgonia : Πῦτκεν, Addit. Hist. Oph., ΠΤ, 1869, p. 15; 
Lywax, Rep. Challenger, V, 1882, p. 15; BELL, Rep. Zool. Coll. Alert., 
1884, p. 184; Brock, Zeitschr. wiss. Zool, XLVII, 1888, p. 471; DÖDER- 
LEIN, Zool. Jahrb. Sys., IIT, 1888, p. 830; Lorton, Rev. Suisse Zool, T, 
1893, p. 397; K«xcnrzn, Ech. Indian Mus., Shallow-wat. Oph., 1900, PI. I, figs. 
I & 2; PrErrER, Abh. Senckenberg. Naturf. Gesell, XXV, 1900, p. 82; 
Ίζαπτπτ, Exp. Siboga, XLV, Pt. 2, 1905, p. 8; Kan, Bull. Sci. Fr. Belg., 
XLI, 1907, p. 284; Crank, Bull. Mus. Comp. Zool, LT, 1908, p. 289. 

Pectinura marmorata : LYMAN, Bull. Mus. Comp. Zool, IIT, 1874, p. 
222, Pl. V, figs. 1-7; LYMAN, loc. cit., 1882, p. 17. 

Pectinura vamsayi: DELL, Proc. Zool. Soc. London, 1888, p. 981. 

Pectinura intermedia : BELL, loc. cit, 1888, p. 386. 

Pectinura, stearnsii : Ives, Proc. Acad. Nat. Sci. Philadelphia, 1891, p. 
219, Pl. XI, figs. 1-5. 

Pectinura venusta: Lorton, Mém. Soc. Phys. d'Hist. Nat. Genève, 
XXXII, p. 16, Pl. XXHI, figs. 3-3h. 

Ophiarachnella gorgonia : CraRK, Bull Mus. Comp. Zool, LII, 1909, 
p. 111. 

One specimen (belonging to the Seventh High School, Kago- 
shima); Kagoshima Day. One specimen;  EÉno-ura, Suruga. 
Numerous specimens; Arai Beach, Misaki. 

This Indo-Pacific species is one of the most common ophiurans 
in the vicinity of the Misaki Marine Biological Station. 

The first specimen is very typical, and has a coarse squama- 
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tion distinguishable through the superficial granulations. The rest 
ave of the stearnsii-type, being different from the typical gorgonia- 
type in the disk scales being fine, flat and almost indistinguishable 
through the superficial granulations. The specimen from Eno-ura, 
however, rather resembles the venusta-type in the shape of the' oral 
shields and accessory oral shields. The largest specimen is 26 min. 
in the disk diameter and 95 mm. in the arm length. The number 


of the arm spines increases with the growth of the animal. 


Ophiarachnella infernalis (Mtiier & 'TuoscHEL). 


Opliarachina infernalis: MÜLLER & 'noscHEL, Sys. Ast, 1842, p. 105. 

Pectinura infernalis: Li0TKEN, Addit. Hist. Oph., ΤΙ, 1869, p. 35; 
LYMAN, Bull. Mus. Comp. Zool, TIT, 1874, p. 222, Pl. VIT, fie. 1; LYMAN, 
Rep. Challenger, V, 1882, p. 17; BELL, Rep. Zool. Coll. Alert, 1884, p. 134, 
Pl. VIII, Πο. B; Brock, Zeitschr. wiss. Zool, XLVI, 1888, p. 471; 
Lorton, μον. Suisse Zool, I, 1893, p. 397; PFEFFER, Abh. Senckenberg. 
Natuf. Gesell, XXV, 1900, p. 83; Kanner, Exp. Siboga, XLV, Pt. 2; 
1905, p. 7, Pl. J, figs. 1-3; Kanter, Bull. Sci. Fr. Belg., XLT, 1908, p. 
285; Crank, Bull. Mus. Comp. Zool., LT, 1908, p. 289. 

Pectinura similis: IKaurkn, loc. cit, 1905, p. 6, Pl. I, figs. 4-6. 

Ophiarachnella infer- 
nalis: CLARK, Bull. Mus. 
Comp. Zool, LIT, 1909, p. 
124. 

Two specimens ; 
Okinawa. One speci- 
men: Eno-shima, Ôsumi. 


Two specimens; Eno- 





ura, Suruga. 
Fig. 9O. Ophiurachnella infernalis, var. From above. Ὃ 
M Indo-Pacitie. 
The radial shields 
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are rather small, and often covered with granules on their 
inner borders. One of the specimens from Okinawa notably 
departs from the typical ones. It is only 6 mm. across the disk. 
The radial shields are almost covered with granules. Moreover, 
in the arm bases, granules which are finer than the disk granules 
occur on the ventral abradial parts of the lateral arm plates, on 
the proximal parts of the same under the arm spines, along the 
dorsal border of the same, and along the distal border of the 


dorsal arm plates. 


Ophiarachnella nregataspis CLARK. 
Ophiarachnella megalaspis : CLARK, Bull. U. 5. Nat. Mus, LXXV, 1911, 
p. 25, fig. 2. 
Off Suno Saki, Sagami Seu; 44—50 fathoms (Crank). Eastern 
Sea; 95-106 fathoms (Crank). 


Family 4. Ophiochitonidae Marsumoro, 1915. 


Disk covered with fine, imbricating scales, or rarely with fine 
granules; oral angles always free of granules. Five or six oral 
papille on either side of each jaw; the outermost one is pointed 
inwards, projecting above the next papilla, which is the largest. 
Teeth arranged in a single vertical row, either triangular and 
obtusely pointed, or quadrangular, with very stout, truncated end. 
Dental papille absent. Peristomial plates double or triple. Oral 
frames with or without well developed lateral wings. Radial 
shield and genital plate of the same side of a radius articulating with 
each other by means of two articular condyles and one articular 
pit. Arms long and slender, widest at some distance from the 
base, horizontally flexible. Dorsal, lateral and ventral arm plates 
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all well developed, with cereous lustre. Two to four, usually three, 
arm spines, moderately long, erect. One or two large, leaf-like 
tentacle seales on the abradial border of each pore; sometimes 
one to three very small accessory ones may occur on the adradial 
border. 

This family ineludes five genera, which may be grouped into 
two subfamilies as follows. 

Subfamily 1.  Ophiochitoninw Marsumoto, 1915.— Oral frames 
without well developed lateral wings; teeth triangular and obtusely 
pointed: dorsal surface of vertebre entire, rhomboidal. 

Ophiochiton Lxx, 1878.” 
Ophioplax Lyman, 1875. 

Subfamily 2. Ophionereidinw (Lauxemax, 1867) mihi, 1915.— 
Oral frames with well developed lateral wings; teeth very stout, 
quadrangular, with truncated end; dorsal surface of vertebra 
notched at the inner end and V-shaped. 

Ophiodoris Kamurgn, 1904. 
Ophionereis LÜTKEN, 1859, 
Ophiocrasis Crarx, 1911. 

As shown in the foregoing diagnoses of the subfamilies, there 
are two types of internal structures in the present family. The 
internal structures of the Ophiochitonine are very similar to those of 
the Ophiodermatide. TIn Ophiochiton fastigatus Limax, the peristomial 
plates are triple, one of the secondary plates filling up the outer 
open angle formed by the other two. "The oral frames are very 
long. with V-shaped grooves for the ambulacral ring canal, as in 


Ophiarachna incrassata and Bathypectinura goto’. The genital 





1) In my opinion, Ophiochiton lymani ruper, 1883, does not belong here, and is an 
Ophiocten, allied to such species as Ophiocten hastatum Tiyan, 1878. and pacificum LTkEN & 
Mortensen, 1809. 
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plates and scales are long and slender, being longer and more slender 
than in the Ophiodermatidæ. The radial shield and genital plate of 
the same side of a radius artieulate with each other by means of 
two articular condyles and one articular pit. The dorsal surface of 
the vertebre is rhomboidal and slightly notched at the inner end but 
not so strongly as to be V-shaped. In Ophioplax lamellosa MATSUMOTO, 
the peristomial plates are also triple, being however relatively shorter 
and wider than in the preceding species; the unpaired secondary 
plate is very small and is slightly notched on the outside. The 
oral frames are short and much more flared than in the preceding, 
while the roof of the first oral tentacle pore is less projected 
adradially. In other respects it is almost similar to the preceding. 

In the Ophionercidine, the internal structures approach those 
of the next family, Ophiocomide, in certain points. In Ophionereis 
annulata (Le CoxrE) and O. reticulata LÜrkEN, the peristomial plates 
are double, without the unpaired secondary plate, and much smaller 
than in the Ophiochitonine. The oral frames are very long, stout, with 
well developed lateral wings for the attachment of very voluminous 
chewing muscles. The teeth are very stout, quadrangular, with 
widened and truncated end. The dorsal surface of the vertebra is 
strongly notched at the inncr end corresponding to the clongated 
outer end of the preceding vertebra, so as to be markedly V- 
shaped. The radial shields, genital plates and scales are fundamen- 
tally similar to those of Ophiochiton fastigatus, though the radial 
shields are much smaller. The internal structures of Ophiocrasis 
marktanner’ Matsumoto are similar to those of Ophionereis, except the 
peristomial plates, which are triple, with a small unpaired secondary 
plate. Now we come to a most interesting genus, Ophiodoris, 
which is fairly intermediate in its internal structures between 
Ophiochitonine and the Ophioncreis-Ophiocrasis-type. In Ophiodoris 
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pericalles Cuark, the peristomial plates are double, without the 
unpaired secondary plate. The oral frames are not very stout 
and;have more or less distinct lateral wings, which are less well 
developed than in Ophionereis and Ophiocrasis. The dorsal surface 
of the vertebre is notched at the inner end so as to be fairly Y- 
shaped, but not so strongly as in Ophiouereis and Ophiocrasis. 
The radial shields, genital plates and seales are similar to those 
of Ophionereis and Ophiocrasis. 

As to the biological significance of the characters of the 
present family, we can recognise two lines along which advance 
has been made from the Ophiochitoninw to the Op'iionereidine. In 
the first place, the Ophioncreidinw have better developed chewing 
apparatus than the Ophiochitoninw, such as stouter teeth, with 
widened and truncated end, smaller peristomial plates, stouter 
oral plates with well developed lateral wings and more voluminous 
muscles. In the second place, the arms of the Ophionereidine are 
more flexible than those of the Ophiochitonine, as may be judged 
from the notched, V- or Y-shaped dorsal surface of the vertebrae. 
It may be remarked that the arms of Ophionereis and Ophiocrasis 


are strongly flexed in aleohol and very freely mobile in life. 


Key to genera of Ophiochitonine. 


.I—Disk entirely free of granules; arms markedly keeled above and 
below c.c EN ου μρασόρο «σος ου ςὀθώ σσ σόσας Ophiochiton. 
AA—Disk or at least the interbrachial ventral surfaces covered with fine 


granules; arms not keeled, at least below.............- Ophioplax. 


Ophiochiton fastigatus LYMAN. 


Opldochiton fastigatus: Tiymas, Bull. Mus. Comp. Zool, V, 1878, p. 
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182, Pl. VII, figs. 182 & 183; Lyman, Hep. Challenger, V, 1882, p. 176, 
ΤΙ. XXIV, figs. 13-15; Cranz, Bull. U. S. Nat. Mus., LXXV, TONI ου: 

Ophiochiton carinatus:  Ἠῦτκην & MORTENSEN, Mem. Mus. Comp. 
Zool, ΧΧΠΙ, 1899, p. 164, Pl. XIV, fies. 1-3. 

Numerous specimens; off Misaki, Sagami Sea. 

Sagami Sea; 110—405 fathoms (Crank). Uraga Channel; 70— 
197 fathoms (Crank) Suruga Gulf; 94-270 fathoms (Crank). 
Eastern Sea; 406 fathoms (Crank). 





Fig. 91. Ophiochiton fasligatus. a. From above. x2. b. From below. 
x2. c. From above. x7. d. Ventral view of an oral angle, showing the 
presence of an accessory oral shield. x2. e. Side view of three arm joints 
near disk. x2. f. Side view of three arm joints near disk of a medium- 
sized specimen. x3. g. Side view of three arm joints near disk. x7. 
6, and g. young. 
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Lat. 5° 41’ S., long. 1845 4’ E.; 800 fathoms (Liman). Gulf of 
Panama; 322-546 fathoms (LürkEN & MORTENSEN). 

The largest of my specimens is 31 mm. in the disk diameter, 
400mm. in the arm length, and 4mm. in the arm width; and 
the smallest one 8 mm. in the disk diameter, 52 mm. in the arm 
length, and 0.8mm. in the arm width. This species is very 
variable, and has been remarked upon by Crazgk. The adoral 
shields are sometimes very feeble, but often very well developed, 
especially in the younger specimens, so as to lie between the oral 
shields and the first lateral arm plates. Therefore, Kanren's 
subdivision of this genus according as the oral shields are separated 
or not from the first latera! arm plates, has no meaning at least 
for the present species. Often, more or less prominent accessory 
oral shields occur in some of the interradii. This is another fact 
showing that the present genus is related to Ophiarachna. 

I consider O. carinatus LüTKEN & MonTrENSEN to be a synonym 
of this species, because specimens of the latter of corresponding 
size agree almost perfectly with the description and figures of the 
former. The figures here given, together with those of medium- 
sized specimens by LàrkEN & Morrensen will give a fair idea of 
the variability of this species. 


Ophioplax lamellosa MATSUMOTO. 


Ophioplax lamellosa: Matsumoto, Proc. Acad. Nat. Sei. Philadelphia, 
1915, p. 88. 

One specimen; off Kótsu-jima, Sagami Sea. 

Diameter of disk 4.5 mm. Length of arms 55mm. Width 
of arms at base 0.8 mm. 

Disk flat, thin, pentagonal or rather five-lobed, with indented 


interbrachial borders, covered with fine, imbricating scales, among 
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which the six primaries are somewhat distinet. Central plate 
rather large, circular, conspicuous. Radials smaller and less con- 
spieuous than the central plate, separated from one another and 
from the central plate. Radial shields triangular, with acute inner 





Fig. 92. Ophioplaw lumellossa. x16. α. From above. b. From below. 
c. Side view of three arm joints near disk. 


angle, twice as long as wide, those of a pair widely separated 
from each other.  Interbrachial ventral surfaces entirely covered 
with very fine granules. Genital slits very large, reaching to the 
margin of the disk. í 

Oral shields large, triangular, with strongly curved outer 
border, less curved lateral sides, obtuse inner angle, and perfectly 
rounded lateral angles; longer than wiđe. Adoral shields also 
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large, triangular, long, tapered within to an acute point, where 
they do not meet. Oral plates naked. Five oral papillae; outer- 
most one long, acutely pointed within; the second is the largest 
of all, very wide and flat; the others small, somewhat conical, 
obtuse. Four or five teeth, very large, with rounded ends, exeept 
the uppermost one, which is longer than the others and 
pointed. 

Arms long, slender, thin. Lamellar plates and fine granules 
oecur on the dorsal and lateral surface of the arm bases. First 
one or two dorsal arm plates small, partly covered over by the 
lamellar plates. Those beyond triangular at the outset but be- 
coming quadrangular a little further out, with rounded outer 
corners and eurved lateral borders, wider than long, wider without 
than within. Lateral arm plates not very prominent. First ventral 
arm plate small, triangular, with rounded angles, nearly as wide 
as long. ‘Those beyond pentagonal, with an inwardly directed 
angle, which is covered by the preceding plate; outer border 
curved, lateral borders concave and bounded by the tentacle pores. 
Three arm spines, conical, tapering, obtuse, a little longer than 
the corresponding arm joint, subequal, but the middle one slightly 
longer than the other two. One tentacle seale on the abradial 
side of the pore, very large and oval. Besides, on the adradial 
side of a few basal pores, there occur one or two rudimentary 
tentaele seales, more or less covered over by the abradial seale. 

Colour in aleohol: yellowish gray above and white below ; 
arms banded with dark gray. 

It is recorded that the above specimen was taken with a 
coral net, but the depth is not stated. As the annulation on the 
arms indieates, this species is not a deep water form, but probably 


sublittoral. 


090 
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Ophioplax lamellosa is quite ucar to both O. Gungmani Lxwax, 
1875, and custos (Καιπτεπ, 1896), as well as to Ophiopeza reducta? 
Kanurem, 1907. It is distinguished from O. ljungmani by the 
presence of the primary plates, by the coarser disk scales, by the 
shape of the radial shields, by the disk margin being not so 
closely granulated, and by the shape of the oral shields; from Ο. 
custos by the presence of the primary plates, by the coarser disk 
scales, by the shape of the radial shields, by the adoral shields 
not meeting within, by the shape of the first and seeond ventral 
arm plates, by the presence of the lamellar plates at the arm 
bases, and by the shape of the dorsal arm plates; and from O. 
reducta by the dorsal surface of the disk being free of granules, 
by the radial shields not being divergent. and by the shape of 
the ventral arm plates. JKamnrem states that, in his specimens of 
O. custos the dorsal surface of the disk was also closely covered 
with fine granules during life, but that they subsequently dropped 
off. Whether the same holds true for O. lamellosa can not be 


ascertained, as I have not been able to examine living specimens. 


Key to genera of Ophionercidine. 


A—Accessory dorsal arm plates absent; a row of spines present along 
the brachial borders of the disk, just above the arm bases........ 
ΒΡ... UT TERES LN i sec Ophiodoris. 

AA— Accessory dorsal arm plates present. 
a—Only two large accessory plates to each dorsal arm plate........ 


sopa 6.6.8 ο D πα ους οι Ge ROT cc Ophionereis. 





1) Ophiopeza reducta, which Crank refers to his genus Buthypectinura, appears to me to be 
merely an Ophioplax. The presence of only three long, cylindrical arm spines, and of only five 
papilke, the annulation on the arms, and the naked oral plates, are all characters of Ophioplax, 
and not of the genuine Bathypectinura. 
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aa—Very small, secondary dorsal accessory plates present besides the 


ORCE πα MMC EM ος Ie cod Ophiocrasis. 


Ophiodoris pericalles Crank. 


Ophiodoris pericalles : Crank, Bull. U. S. Nat. Mus, LXXV, 1911, p. 
177, fip 80. 

Off Osé Zaki, Suruga Gulf; 65 fathoms (Crank). Eastern 
Sea; 95-106 fathoms (CLARE). 


Key to Japanese species of Ophionereis.” 


«l—Genital papille present; ventral arm plates without median notch 
and eminence. 
a—Disk scales coarse; dorsal arm plates not very wide, slightly wider 
cma atire Ρα -----ἃᾖ-ῃ-Ἀ-υ-ῃυ-υ-υυυ---ὸ-- porrecta. 
aa—Disk scales very fine; dorsal arm plates very wide, twice as wide 
as long or wider; four arm spines in the basal arm joints ...... 
E eon EU d MERCEDE LO eurybracliplax. 
AA—Genital papillæ absent; ventral arm plates with a median notch 


μι ONCE Fle). ο ο emat io PA SINENSIS. 


Ophionereis porrecta Lyman. 


Ophionereis porrecta: LYMAN, Proc. Boston Soc. Nat. Hist, VII, 1860, 
p. 260”; Lymay, Ill. Cat. Mus. Comp. Zool, I, 1865, p. 147, figs. 14 & 15; 
Lyman, Hep. Challenger, V, 1882, p. 161; Brock, Zeitschr. wiss. Zool., 
XLVIII, 1888, p. 495; Kener, Bull. Sci. Fr. Belg, XXXI, 1898, p. T4; 
KxHLkR, Exp. Siboga, XLV, Pt. 9, 1905, p. 53. 





1) Cranx, 1915, has recorded Ophionereis dubia from * Japan: mouth of the Bay of Yeddo " 
(=Gulf of Tokyo). If his record is based upon Prof. Morse’s specimens, it is probably not 
O. dubia but Ophiocrasis marktanneri. Some specimens of the last mentioned species in the 
Zoological Institute, Imperial University of Tékyé, were also labelled ** Ophionereis dubia var.” 
by Prof. Moms, I have yet to find a specimen of O. dubia from the vicinity of the mouth of 
the Gulf of Tôkyô, though Ophiocrasis marictanneri is very common there. 

2) This paper was not seen by me, 
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Ophionereis squamata:  Y3vsGMAN, Oph. viv, Of -K. Akad. Forh., 
1860, p. 310. 

Ophionereis variegata : 
p. 462, Pl. X, figs. 15 & 16. 

Two specimens; Okinawa. 

Okinawa, Riu-kin. Korea Strait; 33 fathoms (Duncay). 


Duncan, Journ. Linn. Soc. London, XIV, 1879, 


One specimen ; locality unknown. 


Honolulu. 





Fig. 88. Ophionereis porrecta. α. From above. x15. b. From below. x19. 


c. Young specimen; from above. x30. d. Side view of three arm joints near 
disk; two sets of arm spines removed to show the accessory scales. x15. 
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The largest one of my specimens is 5mm. across the disk, 
with the arms four or five times as long. The apical pair of oral 
papille are infradental, and there is no unpaired papilla. The 
arms are lightly keeled both above and below, so that they 
remind us of Ophiochiton. ‘There are two or three scale-like sup- 
plementary plates between the lateral arm plates; but they are 
nob very 


y conspicuous, being covered over by the arm spines. In 
smaller specimens, the disk squamation mueh resembles that of 


Ophiozona and Ophiozonella. 


Ophionereis eurybrachi plas Cuan. 
Ophionereis eurybrachiplax: Crark, Bull. U.S. Nat. Mus, LXXV, 
1911, p. 173, fig. 78. 
Off Kinkwa San; 31-41 fathoms (Craxx). 


California. 


Ophionereis sinensis (Duncan). 

Ophionereis dubia var. sinensis: Dunxcax, Journ. Linn. Soc. London, 
XIV, 1879, p. 464. 

Korea Strait; 33 fathoms (Duncay). 

This species is very imperfectly described by Duncan as a 
variety of O. dubia (Mttrer & Troscuen, 1842). His remarks 
read as follows. 

“The form from the Korean Sea is well grown, and differs 
from the type (O. dubia) as follow :—The lower arm-plates have 
a median notch and eminence; the spines are subequal, and they 
are rarely banded with colour. Tt has a marsupium, and doubtless, 
as was commonly the case in these Korean species, it is vivip- 
arous.” 
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If these differences between the Korean form and the typical 
O. dubia really exist, then it is almost certain that the former is 
not referable to the same species. Therefore, I am inclined 
provisionally to look upon the former as a distinct species. 


Ophiocrasis Crank, 1911. 


Aside from the presence of the secondary supplementary 
dorsal arm plates, this genus seems to me to be distinguished 
from Ophionereis principally by negative characters and the different 
degree of development of eertain common structures. The disk 
scales are even and exeeedingly fine; no trace of the marginal 
row of special disk scales; no genital papille; arms much nar- 
rower than in Ophionereis. Schizogonie reproduction may not be 
a generic character. 


Key to species of Ophiocrasis. 


A—Radial shields not very small; ventral arm plates longer than wide 
throughout; smaller individuals six-armed, reproducing by schizo- 
Pony TOTO E ee eer E dictydisca. 

AA—Radial shields exceedingly small and insignificant; ventral arm 
plates wider than long, at least in the basal parts of the arms ; 


five-armed, not reproducing by schizogony............ marktanner?. 


Ophiocrasis dictydisca CLARK. 
Ophiocrasis dictydisca : CLARK, Bull. U.S. Nat. Mus, LXXV, 1911, p. 
175, fig. 79. 
Off Suno Saki, Sagami Sea; 52-73 fathoms (Cuarx). Korea 
Strait; 59 fathoms (CLARE). 
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Ophiocrasis marktanneri MATSUMOTO. 


Ophionereis porrecta : MankTANNER~TURNERETSCHER, Ann. K. K. Naturh. 
Hofmus., II, 1887, p. 302, Pl. XI, fig. 18. (Non Lxwaw, 1860.) 

* Ophionereis porrecto MARKTANNER; Kaurr, Bull. Sci. Fr. Belg., 
XXXI, 1898, p. 76. 

Ophiocrasis marklanneri : Matsumoro, Proc. Acad. Nat. Sci. Philadel- 
phia, 1915, p. 90. 

Three specimens; Enoshima, Sagami. Numerous specimens ; 
Arai Beach, Misaki Marine Biological Station. 

Diameter of disk 9mm. Length of arms 68mm. Width of 
arms at base 1.2 mm.; at the widest part 1.5 mm. 

Disk circular, slightly convex, rather soft, covered with 
very fine, imbricating 
scales, which are rather 
obscured, so that the 
disk appears as if 
covered by α thick 
skin. Radial shields 
very small, short and 
exceedingly narrow, 
tapered within, those 
of a pair widely 
separated from each 
other, also rather 





obseure. Interbrachial 
ventral surfaces eover- 
ed with scales similar 


Fig. 94. Ophiocrasis marictannert. x7. a. From above. 
b. From below. c. Side view of three arm joints near to those of the dorsal 


disk. : 
is side, but even more 


obscure. Genital slits large, nearly reaching to the border of the 
disk. No genital papille. 
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Oral shields rhomboidal, with obtuse inner angle, rounded 
lateral angles, and widely rounded outer angle; nearly as wide as 
long, except the madreporic shield, which is decidedly longer than 
wide. Adoral shields small, acutely tapered within, where they 
nearly or hardly meet. Four or five oral papille on either side, 
unequal, short, rounded, but the outermost one, which is closely 
associated with the second oral tentacle pore, has pointed inner 
end. Four teeth, short, very wide and stout. 

Arms long and very slender, narrowed at the base, widest at 
one-fourth to one-third the arm length from the base. Dorsal 
arm plates mostly triangular, with obtuse outwardly directed apex, 
rather small, wider than long, suecessive plates shghtly in contact ; 
quadrangular in the more distal parts. On either side of each 
dorsal arm plate, occurs a large supplementary plate, which is 
nearly semicircular, about one-half as large as the dorsal arm 
plate, and bounded along the distal border by one or two very 
insignificant secondary pieces, which however are present only for 
a comparatively short extent. Two or three basal dorsal arm 
plates and their supplementary plates are smaller than those 
beyond. The supplementary plates become smaller outwards as 
the dorsal arm plates become quadrangular, and finally disappear. 
Lateral arm plates not very prominent, not meeting above or 
below. First ventral arm plate very small, rather pentagonal, 
longer than wide. Those beyond quadrangular, with rounded 
outer lateral angles, truncated inner lateral angles, and slightly 
notched outer border, about as long as wide, but longer than wide 
outwards. Three arm spines, short, stout, flattened, slightly 
tapered, blunt. One large and oval tentacle scale. 

Colour in alcohol: grayish yellow; disk reticulated, and arms 
banded, with dark purplish brown. 
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The arm length varies from six to eight times the diameter 
of the disk. In the smaller specimens, the arm spines are less 
flattened ; and in those of less than about 4 mm. across the disk, the 
Secondary supplementary pieces on the arms are almost invisible. 

This species differs from the genotype, O. dictydisca CLARK, 
in the shape of the dorsal arm plates, in the less well developed 
secondary supplementary pieces, in the smaller and less distinct 
radial shields, and in the smaller arm spines of the basal joints. 
Further, schizogonie reproduction has not been observed in this 
species, though I have examined many small specimens. On the 
other hand, QO. marktanneri, as well as the genotype, resembles 
Ophionereis dubia (MüLLER & Ἰποβσπει, 1842) in lacking the 
genital papille, but differs from it chiefly in the presence of 
secondary supplementary dorsal arm plates, and in the much 
narrower arms.  O. marktanneri is by no means near to Ophionereis 
porrecta Lyman. I could mention some more differences than those 
enumerated by Kcauter between these two species, but it will 
not be necessary to do so here. 

This beautiful species is one of the most common ophiurans 
about Misaki, living under stones and rocks. 


Family 5. Ophiocomidae Livnemay, 1867. 


Disk covered with fine granules or by a naked skin, some- 
times bearing scattered spines. Radial shields very stout, but 
externally invisible, those of a pair widely separated from each 
other. Four to six oral papille on either side, the outermost 
one being pointed inwards above the next one. Dental papille 
well developed, forming a vertical clump at the apex of each jaw. 
Teeth quadrangular and very stout.  Peristomial plates double. 
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Oral frames very stout, with extremely well developed lateral 
wings. The radial shield and genital plate of the same side of a 
radius articulate with each other by means of two articular condyles 
and one pit. Arms moderately long, stout, widest at some distance 
outside the base. Arm plates all well developed. Arm spines long, 
stout, perpendieular to the arm axis; the uppermost spines of every 
second or third lateral arm plates often very large and clavate. 
One or two tentacle scales to each poro. 

This family includes five genera, four of which form a sub- 
family, while the fifth forms another. 

Subfamily 1. Ophiocomine Matsumoto, 1915 :—Radial shields 
very stout, boot-shaped, those of a pair widely separated from each 
other; three to five arm spines, the uppermost spines of every 
second or third lateral arm plates being usually very large and 
club-shaped ; tentacle scales short and leaf-like. 

Ophiopteris ΒΑΠΤΗ, 1877. 

Ophiocoma Aaassiz, 1885. 

Ophiomastiv Mutter & Tnoscurr, 1842. 
Ophiarthrum PETERS, 1851. 

Subfamily 2.  Ophiopsiline Marsumoro, 1915 :—Radial shields 
slender, bar-like, each pair being rather close together at tho 
outer ends corresponding to the dorsal approximation of the outer 
ends of the genital plates; numerous arm spines, none of which 
is elub-shaped ; two tentacle scales, of which the adradial one is 
very long and laneeolate, while the abradial one is very short 
and acute. 

Ophiopsila Fores, 1842. 

The present family is very uniform in its internal structures. 

l have dissected all the Japanese representatives of this family, 


viz., Ophiocoma brevipes Perers, O. scolopendrina (Lamarck), Ophio- 
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mastic mixta Ltrken, O. annulosa (Lamarck), O. liithent PFEFFER 
and Ophiarthrum elegans Prrers. In all of them, the radial 
shields are very stout and boot-shaped, and each consists of a 
radial bar and a transverse wing projecting laterally from the 
outer part of the former. Each shield has two articular condyles 
and one pit, fitting to the two condyles and one pit of the 
corresponding genital plate. The latter is bar-like, slightly curved 
laterally, articulating with the genital scale at some distance 
inwards from the outer end. The genital scales are also bar-like, 
more or less flattened, but not so wide and leaf-like as those of 
the Gnathophiurida. The peristomial plates are rather small and 
double, the two being firmly united together. The oral frames 
are exceedingly stout, with extremely well developed lateral wings 
for the attachment of very voluminous masticatory muscles. The 
oral and dental plates taken together are TT-shaped in dorsal view, 
the former completely overlapping the latter. They are quite 
different from those of the Gnathophiurida. The teeth are quad- 
rangular and very stout. 

In Ophiopsila riisei LóTkEN, 1859, the internal structures are 
almost similar to those of the preceding, save the radial shields, 
which are slender and bar-like, without transverse wings, and 
rather closely set in pairs. Ophiopsila is by no means near to 
the Amphiuride in internal structures, so that I have no hesita- 
tion to refer it to the present family, forming however a sub- 
family for it alone. 


Key to Japanese genera of Ophiocomide. 


A—Disk covered with granules or bearing spines. 


a—Disk covered only with granules, entirely free of spines.. Ophiocoma. 
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«&—Disk bearing spines, or both granules and spines .... Ophiomastia. 


AA—Disk covered by a naked skin, entirely free of granules and 


spine smen e Ην, ees Ophiarthrum. 


Key to Japanese species and varieties of Ophiocoma. 


A—TInterbrachial ventral surfaces entirely covered with granules; oral 
shields usually oval; dorsal arm plates with clearly cut outer 
border; arm spines shorter dorsally than ventrally ........ brevipes. 

AA—Granulations of the interbrachial ventral surfaces not extending to 
the abradial border of the genital slits, the inner parts being mostly 
naked; oral shields quadrangular; outer border of the dorsal arm 
plates not clearly cut; arm spines longer dorsally than ventrally. . 
9.0.00 ο On CIRC OUS UU RE OO ID OD OL scolopendrina. 

a—Disk variegated; arm spines annulated ...... typical scolopendrína. 
aa—Disk as well as arm spines uniformly black. 

b—Arm spines not very short and stout; two tentacle scales to each 
ο ο sone qoo Come A EE o o C ROT var. erinaceus. 

bb—Arm spines exceedingly short and stout; a single tentacle scale to 


each pore, except in a few basal arm joints........ var. schænleinii. 


Ophiocoma brevipes PETERS. 


Ophiocoma brevipes: PETERS, Arch. Nature., 1852, p. 855; LYMAN, 


Rep. Challenger, V, 1882, p. 172; MARKTANNER-TURNERETSCHER, Ann. K. K. 
Naturh. Hofmus. Wien, IT, 1887, p. 303; BELL, Proc. Zool. Soc. London, 
1888, p. 388; DÖDERLEIN, Zool. Jahrb. Sys., III, 1888, p. 831; Lontot, 
Mém. Soc. Phys. d'Hist. Nat. Genéve, XXXII, 1894, p. 25, Pl. XXIII, fig. 
4; DÖDERLEIN, SEMON - Zool. Forschungsr., V, 1896, p. 289; Kanurrn, Exp. 


Siboga, XLV, Pt. 2, 1905, p. 61; KanurEm, Bull. Sci. Er. Belg., XLI, 1907, 


1) This paper was not seen by me. 
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p. 935; CLARK, Bull. Mus. Comp. Zool, LI, 1908, p. 296; Crank, Bull. Ὁ. 
BS. Nat. Mus, LXXV, 1911, p. 256. F 

Three specimens; Natsui, lhuga. One specimen; Okinawa. 
One specimen; Yayeyama, Riu-kiu. Three specimens; Kóshun, 
Formosa. Three specimens; locality unknown. 

Indo-Pacific. Natsui appears to be the northern limit of this 
species for the present. 

The colour in alcohol is very variable. In some specimens, 
the disk is dark grayish brown and sparsely spotted with black. 
In others, the disk is light bluish green and variegated with white. 
The oral shields are nearly oval in some specimens, but more or 
less oblong quadrangular in others. The disk granules are very 
fine and close-set. ‘The granules occur also on the abradial end 





Fig. 95. Ophiocoma brevipes. κά. u. From above, b. From below. 
c. Side view of three arm joints near disk. 


of the adoral shields and of the first lateral arm plates. The 
oral papillæ are comparatively numerous and number five or six on 
cither side. ‘lhe dorsal brachial margins of the disk are concave. 
The dorsal arm plates are wide and have clearly cut outer 
borders. The arm spines are shorter dorsally than ventrally. A 
few of the lower dental papillae are very rudimentary and granule- - 
like, reminding us of the granules of the oral angles of the 
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Ophiodermatide. Many of these characters indicate that the 


present species is a most primitive form of Ophiocoma. 


Ophiocoma scolopendrina (LAMARCK). 


Ophiocoma scolopendrina var. erinaceus (MÜLIER & 'Üroscmmr). 
Ophiocoma scolopendrina var. schænleinii (MÜLTER & TROSCHEL). 

Ophiura scolopendrina : Tamancr, Tist. Nat. Anim. sans Vort., IT, 1816, 
p. 94. 

Ophiocoma scolopendrina: AGassiz, Mém. Soe. Nat. Neuchatel, I, 1835, 
p. 1925; Lxwaw, Rep. Challenger, V, 1882, p. 170; Sruprr, Abh. K. Preuss. 
Akad. Wiss. Berlin, 1882, p. 20; MARKTANNER-TURNERETSCHER, Ann. K. K. 
Naturh. Hofmus. Wieu, II, 1887, p. 302; BELL, Proc. Zool. Soe. London, 
1888, p. 388; Brock, Zeitschr. wiss. Zool, XLVII, p. 495; DÖDERLEIN, 
Zool Jahrb. Sys., JIT, 1888, p. 841; Lorton, Rev. Suisse Zool, 1, 1893, p. 
407; Lorton, Mém. Soc. Phys. Hist. Nat. Genève, XXXII, 1894, p. 23; 
DÖDERLEIN, SEMON - Zool Forschungsr., V, 1896, p. 288; Prerrer, Abh. 
Senekenberg. Naturf. Gesell, XXV, 1900, p. 83; Kanter, Exp. Siboga, 
XLV, Pt. 9, 1905, p. 60; Kamer, Bull. Sci. Fr. Belg, XLI, 1907, p. 
326; Crank, Bull. Mus. Comp. Zool, LI, 1908, p. 297. 

Ophiocomu erinaceus : MÜrLER & Trosor, Sys. Ast, 1842, p. 98; 
Lyman, loc. cit; STUDER, loc. cit; MARKTANNER-ÜURNERETSOHERn, loc. cit.; 
Bnock, loc. cit; Lonror, loc. cit, 1893, p. 419; Lorton, loc. cit, 1894, p. 
21; CLARK, loc. cit., p. 296. 

Ophiocoma erinacea: DODERLEI, loc. cit., 1888, p. 289; Crann, Bull. 
U.S. Nat. Mus, LXXV, p. 257. 

Ophiocoma scolopendrina var. erinaceus: DODELLEIN, loc. cit, 1896, p. 
289; KEHLER, loc. cit, 1905 ; KamrEmn, loc. cit., 1907. 

Ophiocoma schenleinii: Mürrer & Troscurt, loc. cit, p. 99; Lyman, 


1) This paper was not seen by me. 
2) I think Mürnrn & TnoscnEn used the specific name as an even noun and not as an 
adjective, erinaceus signifying a hedgehog; so that, there is no reason to change it to “erinacea.” 
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lll. Cat. Mus. Comp. Zool, I, 1865, p. 70; Lyman, loc. cit., 1882, p. 171; 
CLARK, loc. cit., 1908, p. 296. 

One specimen; Pinnacle Is. Four specimens; Bonin Is. 
Numerous specimens ; Botel Tobago. Numerous specimens ; Kóshun, 
Formosa. Four specimens; Yayeyama, Riu-kiu. Six specimens ; 
Oshima, Osumi. Numerous specimens (belonging to the Seventh 
High School, Kagoshima); Kagoshima Gulf. 

Indo-Pacific. Kagoshima Gulf seems to be the northern limit 
of this species. 

There is no doubt that Ο. scolopendrina, erinaceus and 
schenleinii are conspecific, as rightly noted by  MARKTANNER- 
TuRNERETSCHER. I have closely examined many intermediate 
specimens, and am fully convinced that there is no line of 
demarcation. The continuity of the scolapendrina- and erinaceus- 
type has already been remarked upon by Lupwic, MARKTANNER- 





Fig. 96. Ophiocoma scolopendrina var. erinaceus. a. From above. 
x3. b. From below. x3. ο, Side view of three arm joints near 
disk. x3. d. Young specimen from above, x14. 
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TURNERETSCHER, DÖDERLEIN and Kanter. Typical specimens of the 
schænleinii-type have very short and exceedingly stout arm spines 
and only one tentacle scale to each pore, except in a few basal 
arm joints within the disk. But there are also many specimens 
of the erinaceus-type with only one tentacle scale, instead of two, 
to cach pore in most of the arm joints. Now, there are two 
classes of specimens which are intermediate between the erinaceus- 
and schenleinii-type. In the first, the arm spines are very short 
and stout, and there is mostly only one tentacle scale to each 
pore, though often two are present in some of the free arm 
joints. In the second, the arm spines are not very short and 
stout, and there is only one tentacle scale, except in a few basal 
arm joints within the disk. There are also some specimens which 
are intermediate between the scolopendrina- and schenleinii-type, 
in which the arm spines are very short and stout, and not 
uniformly blackish, as in the schenleinü- and erinaceus-type, but 
annulated or spotted with white as in the scolopendrina-type, while 
of the tentacle scale there is mostly only one, though two may 
be present in some of the arm joints. The numbers of the 
specimens of each type and of the intermediate ones, together 
with the localities, are shown in the following table: 


Types: Locie5:| Bonin Ts, | Botel Tobago.| Kôshun. |Yayeyama.| Okinawa. 


1 
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Key to Japanese species of Ophiomastix. 


A—Disk closely covered with granules and bearing a number of very 
short spines; dorsal arm plates fan-shaped; colour dark red in life 
nnd&whitishengaleohol PTT miata. 

AA—Disk sparsely covered with spines, or with spines and granules, 
neither being very close-set. 

a—Disk sparsely covered with both spines and granules; dorsal arm 
iplatesghexasonalipageolounglblac P lütkeni. 

aa—Disk sparsely covered with spines only; dorsal arm plates rhom- 
boidal; colour grayish brown, disk spines and arm spines finely 


annplatedi with WANS. uusosocccosesogoocdnsosoncaocócoss annulosa. 


Ophionmastin miata  LUTKEN. 


Ophiomastio miata:  LiTREN, Add. Hist. Oph., Pt. ΤΠ, 1869, p. 44; 
Lyman, Il. Cat. Mus. Comp. Zool, VI, 1870, p. 15; Liyman, Rep. Challen- 
ger, V, 1882, p. 175; Brock, Zeitschr. wiss. Zool, XL VII, 1888, p. 497 ; 
LonIoL, Rev. Suisse Zool, I, 1893, p. 414; Kanner, Exp. Siboga, XLV, 
Pi 2, 1905, ρ. 68, ΕΙ. VE fig. 15, ΕΙ. XV, fie, 1; Crank, Bull Π. 5. Nat. 
Mus, LXXV, 1911, p. 256, fig. 126. 
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Fig. 97. Ophiomastim mixta. x3. α. From above. b. From below. ο, Side 
view of three arm joints near disk. 
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One specimen; Enoshima. Numerous specimens; Misaki. 

Indo-Pacific. Misaki may be the northern limit of this 
species. 

My specimens have the disk spines not so profusely developed 
as in the East Indian type, but few, short and inconspicuous; so 
that they are rather liable to be mistaken for an Ophiocoma. 
The colour is yellowish white in alcohol, but very dark red in life. 


Ophiomastia litkené PFEFFER. 

Ophiomastix 
lütkeni: PFEFFER, 
Abb. Senckenberg. 
Natur. Gesell., 
1900, XXV, p. 88. 

Four speci- 
mens ; Okinawa. 

Philippines 
(PFEFFER). 

The largest 
one of my speci- 
mens is 22 mm. 
in diameter, 250 
mm. in the 
arm length, and 
4mm. in the 
arm width at 
the base. These 
specimens agree 





exactly with 
Fig. 98. Ophiomastix lülkeni. x9. a. From above. ὦ. From below. 


3 
PrEFFER'S des- c. Side view of three arm joints near disk. 
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cription, if we make what I consider to be necessary corrections 


in his expressions: the three rows of teeth mentioned by him are in 


reality dental papille ; and above them, deep within the mouth, there 


is a row of about four teeth, which are hardly visible without dissec- 


tion. 


In larger specimens, the uppermost stout arm spine is often 


bifurcated at the free end. The colour is black as in Prerrsr’s type. 


Ophiomastix annulosa (LAMARCK). 


Ophiura annulosa : Lamarck, Hist. Nat. Anim. sans Vert. IT, 1816, 





Fig. 99. Ophiomastim annulosa. x3. a, From above. 


below. 


c. Side view of four arm joints near disk. 


b. From 


p. 943. 

Ophiomasliz an- 
nulosa: MÜLLER ἃς 
"TnoscHEL, Sys. Ast., 
1842, p. 107; LÜT- 
KEN, Add. Hist. Oph., 
HI, 1869, p. 44; 
Lyman, Ill. Cat. Mus. 
Comp. Zool, VI, 
1869, p. 15; Lyman, 
Rep. Challenger, V, 
1882, p. 175; STUDER, 
Abh. K. Preuss. Akad. 
Wiss. Berlin, 1882, 
p. 21; Brock, Zeit- 
schr.  wiss. Zool, 
XLVIL 1888, p. 497 ; 
DÖDERLEIN, Zool. 
Jahrb. Sys, M, 
1885, p. 832 ; LORIOL, 
Rev. Suisse Zool, 1, 
1898, p. 418; KEH- 
LER, Mém. Soc. Zool. 


MONOGRAPH OF JAPANESE OPHIUROIDEA, 351 


Fr, ΥΠΙ, 1895, p. 403; DÖDERLEIN, SEMON—-Zool. Forschungsr., V, 1897, p. 
289, Pl XVI, fig. 111; Ισητεπ, Bull. Sci. Fr. Belg, XXXI, 1898, p. 84; 
Prerrer, Abh. Senckenberg. Naturf. Gesell, XXV, 1900, p. 85; Kanner, 
Exp. Siboga, XLV, Pt. 2, 1905, p. 65; K«anrEn, Bull Sci. Fr. Belg., XLI, 
1907, p. 329; Crank, Bull. Mus. Comp. Zool, LI, 1908, p. 297. 

Four specimens; Pinnacle Is., Riu-kiu. One specimen; Kô- 
shun, Formosa. Four specimens; Botel Tobago, Formosa. 

Indo-Pacific. Pinnacle Is. may be the northern limit of this 


species, 


Ophiarthriun elegans PETERS. 


Ophiarthrum elegans: | PETERS, Monatsh. K. Akad. Wiss. Berlin, 
1851, p. 463"; PETERS, Arch. Naturg., XVIII, 2, 1852, p. 825; Lyman, 
Rep. Challenger, V, 1882, p. 174; STUDER, Abh. K. Akad. Wiss. Berlin, 1882, 
p. 21; Brock, Zeitschr. wiss. 
Zool, XLVII, 1888, p. 497; 
DÖDERLEIN, Zool. Jahrb. Sys., 
IIT, 1888, p. 831; DópERLEIN, 
SEMON — Zool.  Forschungsr., 
V, 1896, p. 289; WKauter, 
Bull. Sei Fr. Belg, XXXI, 
1898, p. 108, Pl ΤΠ, figs. 25 
& 96; Lupwia, Abh. Sencken- 
berg. Naturf. Gesell., XXI, 
1899, p. 547; Prerrer, ibid., 
XXV, 1900, p. 88; KEHLER, 
Ech. Indian Mus., Shallow-wat. 
Oph., 1890, Pl. XIX, fies. 36 
ἃ 37; KEHLER, Exp. Siboga, 





K Y Fig. 10O. Ophiarthrum elegans. x3. «a. From above. 
ALY, ον ᾱ 1905, p. 79; Ὁ, From below. c. Side view of three arm joints near 


Kener, Bull Sci. Fr. Belg, «δι 


XLI, 1907, p. 829; Crank, Bull. Mus. Comp. Zool, LI, p. 297. 


1) These papers were not seen by me. 
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One specimen ; Okinawa, Riu-kiu. 
Indo-Pacific. Okinawa may be the northern limit of this 
species. 


The Ophiuran Fauna of Japan. 


H. L. Cranx distinguishes four geographical ophiuran faunæ 
in the North Pacific, namely Honshü, Bering, American and 
Oceanic. I will discuss the ophiuran fauna of. Japan from a 
somewhat different standpoint from his. 

Al the known Japanese ophiurans are referable to oighty- 
eight genera, which may be divided from the distributional stand- 
point into five groups as follows. 

I. Cosmopolitan genera, which are widely distributed in both 

the Indo-Pacific and Atlantic, as well as in both the 
Arctic and Antarctic or either one of the latter. The 
following genera belong here. 
Ophiacantha, | Amphiactis, Amphiodia, Amphipholis, 
Amphiura, Homalophiura, Ophiura. 
7 genera: 8%. 

IL Arctic genera, which are essentially eireumpolar in dis- 
tribution or limited to the Bering Sea and very northern 
Pacific. ‘The following genera belong here. 

Gorgonocephalus, Ophiolebes, Ophiosemnotes, Ophiopho- 
lis, Stegophiura, Ophiopenia. 
6 genera: 796. 

TII. Intertropical genera, which are widely distributed in both 
the Indo-Paeifie and Atlantic, but not in the Aretie or 
Antarctic. The following genera belong here. 

Ophioleptoplax, Ophiomyxa, | Ophiodera, Ophiobyrsa, 
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Asteronyx, Asteroschema, Asteroporpa, Ophiomyces, 
Ophiologimus, Ophiopora, Ophiolimna, Ophiomitrella, 
Ophiacanthella, Ophiothamnus, Ophiurothamnus, Ophio- 
plinthaca, Ophiomitra, Ophioeamax, Amphilepis, Ophi- 
actis, Amphioplus, Amphichilus, Ophiophragmus, Ophio- 
centrus, Ophiothrix, Amphiophiura, Ophiomusium, 
Ophiozonella, Ophiolepis, Ophioleuce, Ophiernus, Ophiu- 
roconis, Bathypectinura, Pectinura, Ophioplax, Ophio- 
nereis, Ophiocoma. 
57 genera: 42%. 

IV. Indo-Pacific genera, which are distributed in the Indo- 
Pacific, with the centre of distribution chiefly in the 
vicinity of Malaysia. The following genera belong here. 

Astroceras, Trichaster, Huryale, Astrocharis, Astro- 
dendrum, Astrocladus, Astroboa, Astrothamnus, Astro- 
toma, Astroclon, Ophiambix, Ophiophthalmus, Ophio- 
mæris, Amphiacantha, Ophiomaza, ‘Ophiothela, Astro- 
phiura, — Aspidophiura, Ophioplocus, Ophiotrochus, 
Ophiurodon, Ophiarachna, Ophiarachnella, Ophiochiton, 
Ophiodoris, Ophiomastiz, Ophiarthrum. 
27 genera: 3096. 

V.  Honushá genera, which are known only from the vicinity 
of Honshi, Shikoku and Kiushü. The following genera 
belong here. 

Ophiostyracium, Ophiosyzygus, Ophiostiba, Ophiohyalus, 
Ophiohymen, Ophiophrixus, Ophiosmilaz, Astrothorax, 
Ophiophrura, Ophientrema, Ophiocrasis. 

11 genera: 1906. 

With the exception of Ophiophthalmus, which is both tropical 

and Arctic, the Indo-Pacific and Intertropical genera are represen- 


354 ART. 2.—H. MATSUMOTO: 


tatives of tropical fauna, and form 72% of the total, in contrast to 
the Arctic elements, which amount to only 79$. Moreover, almost 
all of the Honshü genera have tropical, but not Arctic, affinities. 
Two hundred and thirty-two species of ophiurans are known 
from Japanese waters, which may be grouped as follows. 
I. Circumpolar species, which occur in the North Atlantic, Arc- 
tic and North Pacific. The species belonging here and their 
known southern limits in the North Pacific are as follows. 


Species. Southern limit. 
Ophiacantha bidentata : off southern Korea, Sea of Japan. 
Ophiopholis aculeata, typical : off southern Korea, Sea of Japan. 
Ditto, including var. japonica : off Kii, Kumano Sea. 
Stegophiura nodosa : off Saghalin, Okhotsk Sea. 
Ophiura sarsii : Eastern Sea; Uraga Channel (on 


the Pacific side). 
4 species: 2%. 
IL  Bering-American species, which range from the Bering 
Sea to Japan and to the western coast of U. 8. A. The 
species belonging here and their known southern limits 


in Japan are as follows. 


Species. Southern limit. 
Gorgonocephalus caryi : Eastern Sea; Suruga Gulf (on 
the Pacific side). 
Ophiophthalmus normani : Eastern Sea; off Kii, Kumano 
Sea (on the Pacific side). 
Amphiodia eur yaspis : off Korea, Sea of Japan. 
Ophiura cryplolepis : off Omai Zaki, Yenshü Sea. 
Ophiura leptoctenia : . off southern Korea, Sea of Japan ; 


off Omai Zaki, Yoenshü Sea 


(on the Pacific side). 
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5 species: 2%. 


Ct 


HL Bering species, which range from the Bering Sea to Japan, 


but not to the coast of U.S. A. 


The species belonging 


here and their known southern limits are as follows. 


Species. 
Ophiophthalmus cataleimmoidus : 
Ophiacantha adiaphora : 


Ophiacantha rhachophora : 


Ophiacanthella acontophora : 
Ophiosemnotes tylota : 
Amphiodia craterodometa : 
Ophiura quadrispina : 


Ophiura maculata : 


Ophiopenia disacantha : 
9 species: 49$. 


Southern limit. 
off Mikawa, Yenshü Sea. 
Sagami Sea. 
Eastern Sea; off Kii, 
Sea (on the Pacific side). 
off Kurile Is. 


Kumano 


off Tsugaru, Sea of Japan. 

off Korea, Sea of Japan. 

off Shiribeshi, Sea of Japan. 

off Abashiri, Okhotsk 
Sea. 


Kitami, 


off Sado, Sea of Japan. 


IV. Intertropical species, which are widely distributed in both 
the Indo-Pacific and Atlantic, but not in the Arctic or 


Antarctic. 


The intertropical species usually occur in both 
the East and West Indies. 


The species to be referred 


here and their known northern limits in the North Pacific 


are as follows. 
Species. 
Asteronyx loveni”: 
Ophiolimna bairdi : 
Ophiacantha pentagona”: 
Ophiacantha rosea : 


Ophiactis savignyi: 


Northern limit. 


Bering Sea. 
Bering Sea. 
Sagami Sea. 
Sagami Sea. 


Misaki districts. 


1) These species have been recorded also from East Indian waters. 


356 ART. 2.—H. MATSUMOTO : 


Amphiophiura convexa : 
Amphiophiura sculptilis?: 
Ophiura flagellata”: 
Ophiura irrorata”: 
Ophiomusium scalare”: 


Ophiomusium lymani”: 


Ophiomusium cancellatum : 


Ophiernus adspersus”: 
18 species: 6%. 


Eastern Sea. 

off Boshü. 

off Kinkwasan, Rikuzen. 
Bering Sea. 

Uraga Channel. 

British Columbia. 

Uraga Channel. 


off Kii, Kumano Sea. 


V. Indo-Pacific American species, which range from Malaysian 
waters to the western coast of southern North America 
or Central America, through Japanese waters. The 
species belonging here and their known northern limits 
are as follows. 

Species. Northern limit. 

Amphiura koree : off Echizen, Sea of Japan; Sa- 

gami Sea (on the Pacific side). 

Ophiochiton fastigalus : Uraga Channel. 

2 species: 1%. 

VI. Indo-Pacific species, which range from the Indian Ocean 
or Malaysian waters to Japan. ‘The species to be referred 
here and their known northern limits are as follws. 

Species. Northern limit. 


Ophiomyxa australis : Sagami Sea. 


Astroceras pergamena : Uraga Channel. 
Colnett Strait. 


Tanabé Bay, Kii. 


Trichaster palmiferus : 
Trichaster elegans : 
Euryale aspera: Okinawa, Riu-Kiu. 


1) These species have been recorded also from East Indian waters. 
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Astrodendrum sagaminum : 


Astrocladus coniferus : 


Astroboa nigra: 
Ophiambix aculeatus : 
Ophiacantha | dallasii : 


Ophiacantha levispina : 


Ophiacantha inutilis : 
Ophiomoris obstricta : 
Ophiactis affinis : 
Ophiactis macrolepidota : 
Ophiactis modesta : 
Amphiacantha formosa : 
Amphiura bellis : 
Amphiura iris: 


Amphiura lütkeni : 


Ophiocentrus verticillatus : 


Ophiothria koreana : 
Ophiothrix nereidina : 
Ophiothria obtusa : 
Ophiothrix hirsuta : 


Ophiothrix punctolimbata : 


Ophiothria longipeda : 
Ophiothela dane : 
Aspidophiura forbesi : 


Ophiura kinbergi : 


off Shiribeshi, Sea of Japan; 
Sagami Sea (on the Pacific side). 

Wladiostok; Sagami Sea (on 
the Pacific side). 

Hirado Strait. 

Colnett Strait. 

off Korea, Sea of Japan. 

off Shiribeshi, Sea of Japan ; Yen- 

 Shü Sea (on the Pacific side). 

Uraga Channel. 

Eastern Sea. 

Korean seas. 

Uraga Channel. 

Misaki districts. 

Strait of Formosa. 

Sagami Sea. 

Sagami Sea. 

Korean seas. 

Misaki districts. 

Hakodaté Bay. 

Misaki districts. 

Okinawa, Riu-Kiu. 

Pinnacle Is., Riu-Kiu. 

precise locality in Japan not 
known. 

Kominato, Boshi. 

Misaki districts. 

Korea Strait. 

off Echigo, Sea of Japan; Uraga 
Channel (on the Pacific side). 
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Ophiura imbecillis : Sagami Sea. 

Ophiomusium simplex : Eastern Sea. 

Ophiomusium lunare : Eastern Sea. 

Ophiomusium lütkeni : Eastern Sea. 

Ophiomusium laqueatum : Eastern Sea. 

Ophiozonella projecta : Sagami Sea. 

Ophiolepis cincta : precise locality in Japan not 
known. 

Ophiolepis annulosa : Okinawa, Rin-Kiu. 

Ophioplocus imbricatus : Okinawa, Riu-Kiu. l 

Ophiurodon grandisquama : Sagami Sea. 

Ophiarachna incrassata : Okinawa, liu-Kiu; Bonin Is. 

Ophiarachnella gorgonia : Misaki districts. 

Ophiarachnella infernalis : Eno-ura, Suruga Gulf. 

Ophionereis porrecta : Korea Strait. 

Ophiocoma brevipes : Natsui, Hiuga. | 

Ophiocoma scolopendrina : Kagoshima Gulf. 

Ophiomastia mixta : Misaki districts. 

Ophiomastia lütkeni : Okinawa, Riu-Kiu. 

Ophiomastix annulosa : Pinnacle Is., Ἡπ-(1α. 

Ophiarthrum elegans : Okinawa, Riu-Kiu. 


50 species: 21%. 

ΥΠ. Honshá- American species, which occur on both the western 
and eastern coasts of the North Pacific. The following 
species belong here. 

Amphioplus rhadinobrachius. 
Amphioplus hexacanthus. 
Amphioplus macraspis. 
Amphipholis pugetana. 


Amphiura carchara. 


VIII. 
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Amphiura acrystata. 

Amphiophiura ponderosa. 

Ophiomusium jolliense. 

Ophionereis eurybrachiplac. 
9 species: 4%. 


Ophiosyzygus disacanthus. 
Ophioleptoplax megapora. 


Ophiostyracium trachyacanthum. 


Ophiostiba hidekii. 
Ophiohyalus gotoi. 
Ophiodera anisacantha. 


Ophiohymen gymnodiscus. 


Ophiobyrsa acanthinobrachia. 


Ophiobyrsa synaptacantha. 
Ophiophrixus acanthinus. 
Ophiosmilax mirabilis. 
Euryale απορία. 
Asteroschema tubiferum. 
Asteroschema glaucum. 
Asteroschema hemigymnum. 
Asteroschema caudatum. 
Asteroschema japonicum. 
Asteroschema abyssicola. 
Asteroschema glutinosum. 
Astrocharis ijimai. 
Asteroporpa hadracantha. 


Gorgonocephalus tuberosus. 


Gorgonocephalus dolichodactylus. 
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Honsh species, which are known only from the vicinity of Hon- 
shü, Shikoku and Kiushü. The following species belong here. 
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Astrocladus annulatus. 
Astroboa arctos. 

Astroboa globifera. 
Astrothamnus echinaceus. 
Astrothorax misakiensis. 
Astrotoma sobrina. 
Astroclon suensoni. 
Ophiomyces spathifer. 
Ophiologimus hexactis. 
Ophiophrura liodisca. 
Ophiopora megatrema. 
Ophiolimna lambda. 
Ophiolimna diastata. 
Ophiomitrella stellifera. 
Ophiomitrella polyacantha. 
Ophiophthalmus leucorhabdotus. 
Ophiophthalmus codonomorpha. 
Ophiophthalmus hylacantha. 
Ophiophthalmus microhylax. 
Ophientrema euphylacteun. 
Ophientrema scolopendricun. 
Ophiacantha cenigmatica. 
Ophiacantha omoplata. 
Ophiacantha anchilabra. 
Ophiacantha lophobrachia. 
Ophiacantha acanthinotata. 
Ophiacantha prionota. 
Ophiacantha diploa. 
Ophiacantha bisquamata. 
Ophiothamnus habrotatus. 
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Ophiothamnus venustus. 
Ophiurothamnus dicyclus. 
Ophioplinthaca cardiomorpha. 
Ophiomitra bythiaspis. 
Ophiomitra lithosora. 
Ophiocamax polyploca. 
Ophiolebes brachygnatha. 
Ophiolebes asaphes. 
Ophiolebes tuberosa. 
Ophiosemnotes adidisca. 
Ophiomeris projecta. 
Amphilepis tenuis. 
Amphiactis umbonata. 
Ophiactis brachygenys. 
Ophiactis pteropoma. 
Ophiactis dyscrita. 
Ophiactis gymnochora. 
Ophiopholis mirabilis. 
Ophiopholis brachyactis. 
Amphioplus megapomus. 
Amphioplus ancistrotus. 
Amphioplus cernuus. 
Amphioplus glaucus. 
Amphichilus trichoides. 
Amphiacantha acanthina. 
Amphiacantha dividua. 
Amphiodia psilochora. 
Ophiophragmus japonicus. 
Amphipholis kochii. 
Amphipholis japonica. 
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Amphipholis sobrina. 
Amphiura digitula. 
Amphiura trachydisca. 
Amphiura microdiscus. 
Amphiura euopla. 
Amphiura pycnostoma. 
Amphiura acacia. 
Amphiura iridoides. 
Amphiura micraspis. 
Amphiura cstuarii. 
Amphiura vadicola. 
Amphiura ecnomiotata. 
Ophiothrix panchyendyta. 
Ophiothrix marenzelleri. 
Ophiothrix macrobrachia. 
Ophiothri« eusteiva. 
Ophiothrix stabilis. 
Ophiomaza kanekoi. 
Astrophiura kawamurai. 
Aspidophiura watasei. 
Stegophiura striata. 
Stegophiura vivipara. 
Stegophiura sculpta. 
Stegophiura sterea. 
Stegophiura brachyactis. 
Stegophiura sladeni. 
Amphiophiura œædiplax. 
Amphiophiura pompophora. 
Amphiophiura penichra. 


Amphiophiura megapoma. 
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Amphiophiura lapidaria. 
Homalophiura elasta. 
Ophiura oöplav. 
Ophiura micracantha. 
Ophiura paucisquama. 
Ophiura monostæcha. 
Ophiura albata. 
Ophiura calyptolepis. 
Ophiomusium granosum. 
Ophiomusium trychnum. 
Ophiozonella elevata. 
Ophiozonella platydisca. 
Ophiozonella polyplax. 
Ophiozonella longispina. 
Ophioplocus japonicus. 
Ophioleuce charischema. 
Ophioleuce brevispinum. 
Ophiotrochus longispinus. 
Ophiuroconis monolepis. 
Bathypectinura gotoi. 
Pectinura anchista. 
Ophiarachnella megalaspis. 
Ophioplax lamellosa. 
Ophiodovis pericalles. 
Ophionereis sinensis. 
Ophiocrasis dictydisca. 
Ophiocrasis marktanneri. 
140 species: 0006. 
The three groups of Cirumpolar, Bering-American and Bering 


species are evidently referable to the Arctic fauna, and form all 
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together 8% of the total number of Japanese species; while the 
three groups of Intertropical, Indo-Pacific American and Indo-Pacific 
Species unquestionably represent the tropical elements, and form 
all together 28% of the total number. 

Among the Arctic species, three have the southern limit in 
the Okhotsk Sea, three in the Sea of Japan northward of Sado, 
five in the Sea of Japan off southern Korea, and four in the 
Eastern Sea; and along the Pacific coast of Honshü, two in the 
Sagami Sea and Uraga Channel four in the Yenshü Sea and 
Suruga Gulf, and three in the Kumano Sea, off Kii. The Arctic 
species, which occur in the Eastern Sea, appear to range through 
the Sea of Japan, but not through the Pacifice coast of Honshu. 

Among the tropical species, one has the northern limit in the 
Strait of Formosa, two at Pinnacle Is., seven at Okinawa, one 
at Bonin Is., three in the Colnett Strait and Kagoshima Gulf, one 
at Natsui, two in Tanabé Bay and Kumano Sea, one in the Yen- 
shü Sea, one at Eno-ura, twenty-five in the Sagami Sea and 
Misaki region, one at Kominato, one off Bóshü, one in the Pacific 
Ocean far off Honshü, one off Kinkwa-san, one in British Columbia 
and three in the Bering Sea; and by way of the northern part 
of the Eastern Sea to the Sea of Japan, six in the Eastern Sea, 
five in Korea Strait and the Sea of Japan off southern Korea, 
one off Echizen, one off Echigo, one in Hakodaté Bay, two off 
Shiribeshi and one at Wladiostok. | 

Now, neglecting here the very hardy species, which have their 
northern limit in British Columbia and in the Bering Sea, the 
zone of mingling of the Arctic and tropical species extends from 
off Kinkwasan to the Kumano Sea, on the Pacific side, and from 
off Shiribeshi and Wladiostok to the northern part of the Eastern 
Sea, on the side of the Seca of Japan. Thus, the geographical 
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boundary between the two elements is better marked on the 
Pacific side than on that of the Sea of Japan. The limits of the 
zone of contact are approximately 334. and 384. parallels on 
the Pacific side, and 30. and 43. parallels on the side of the Sea 
of Japan. The axis of the zone of contact is very nearly 36. 
parallel, which has been stated by Crank to be the line of contact 
between his Bering and Honshü faune. 

The two groups of Honshü-American and Honshü species 
are evidently heterogeneous. For example, Amphipholis pugetana, 
Amphiura carchara, Gorgonocephalus tuberosus, G. dolichodactylus, 
Ophiolebes brachygnatha, O. asaphes, O. tuberosa, Ophiosemnotes 
adidisca, Ophiopholis mirabilis, O. brachyactis, Stegophiura striata, 
St. vivipara, St. sculpta, St. sterea, St. brachyactis, St. sladeni, &c. 
may be derivatives of the Arctic fauna, while the rest are largely 
derivatives of the tropical, especially Indo-Pacifie, fauna. 

Crank has recognised scarcely a dozen species which 
occur in both the East Indian and Japanese regions. As a 
result of the present study, I recognise sixty-one species, or more 
than one-fourth of the total number of Japanese species, that 
occur also in the East Indian region. On the other hand, the 
boundary between Crarx’s Bering and Honshü faune well coin- 
cides with that between my Arctic, chiefly Bering, and tropical, 
chiefly Indo-Pacific or East Indian, elements. Thus, I am led to 
look upon the Honshü fauna not as a perfectly distinct one, but 
to be a terminal section of the Indo-Pacific, or East Indian, 
fauna. 

The known northern limits of several more typical, littoral 
Indo-Pacific species are shown in the accompanying chart. 
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Pinnacle Is—Ophiothrix hirsuta, Ophiomastix annulosa. 

Okinawa Is.—Euryale aspera, Ophiothrix obtusa, Ophiomustix lülkeni, Ophiarthrum elegans, 
Ophiolepis annulosa, Ophioplocus imbricatus, Ophiarachna incrassata. 

Bonin Is.—Ophiarachna incrassata. 

Kagoshima Bay.— Ophiocoma scolopendrina. 

Natsui.— Ophiocoma brevipes. 

Tanabé.—Tvichaster elegans. 

Xmno-ura.— Ophiarachnella infernalis. 

Misaki & Sagami Sea,—Ophiothrix mereidina, Ophiactis modesta, Ophiocentrus verticillatus, 

Ophiarachnella gorgonia, Ophiomastim mixta. 
Kominato.— Ophiothrix longipeda. 
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Phylogeny of the Ophiuroidea. 


It is very evident, that the forms with vertically coiled arms 
are not archetypal, because they have very solid and always 
undivided vertebrae, as mentioned in the introduction, while the 
ophiuran vertebre are paleontologically, as well as ontogenetically, 
proved to be primarily divided. Thus, the Ophiobyrsine, Trichas- 
teride, | Gorgonocephalide, ^ Ophiacanthide pars, — Hemieuryalide, 
Ophiactine pars, and Ophiotrichide i pars are eliminated from 
primitive ophiurans. The forms with well developed lateral wings 
of the oral frames are evidently highly specialised. Thus, the 
Amphiuride, Ophiotrichide, Ophiolepidine pars, Ophionereidinæ 
and Ophiocomide are eliminated from primitive ophiurans. The 
remaining forms are the  Ophiomyxine, Ophiocanthide pars, 
Amphilepidide, Ophiolepidide pars, Ophioleucide, Ophiodermatide 
and Ophiochitoninee. Indeed, I have been able to find more or 
less divided vertebra in certain representatives of the Amphilepidide, 
Ophiolepidide and Ophiodermatide, as well as of the Ophiomyxince 
and Ophiacanthide. 

Though it is my purpose to discuss the results of a study of 
Paleozoic ophiurans in a future paper, I will here cnumerate some 
of the more important structures of Paleozoic Myophiuroida, as 
bearing on the question before us. 

1. Disk covered with delicate scales or by a naked skin, 
without distinct primaries. 

2. Radial shields absent. 

3. Genital plates and scales absent. 

4. Oral shields absent. 

5. Adoral shields not very distinctly specialised from the 
lateral arm plates. 
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6. Oral plates and frames long and slender. 

7. Distinct ereases probably present between the interbrachial 
ventral surfaces and arm bases. 

8. Dorsal arm plates entirely absent, or present only in à 
few basal joints; the dorsal side of the arms therefore largely 
unprotected. 

9. Lateral arm plates with prominent spine ridges, which 
extend to the ventral side of the arm; those of the two sides 
not meeting above or below, except in the very distal arm joints. 

10. Ventral arm plates higher in position than the lower 
borders of the lateral arm plates, so that the arm is longitudinally 
grooved ventrally. 

I believe that, the Paleozoic Myophiuroida are the stock from 
which the recent ophiurans have been directly derived, because they 
show no trace of peculiar specialisation and are fairly intermediate 
in their organisation as a whole between the QGZgophiuroida and 
recent ophiurans. If this view be right, then the most archetypal 
group of recent ophiurans must be looked for among those forms 
which have the strongest resemblances to the Paleozoic Myophiu- 
roida. 

Certain genera of the Ophiolepidide, which are frequently said 
to be primitive, appear to me to be far from being archetypal, 
though they may evidently be pedomorphic. These genera in the 
mature stage are in every feature similar to very young stages of 
other ophiurans, having the disk covered only with the primaries 
and radial shields, and the arms covered chiefly by the lateral arm 
plates. But, the existence of such forms in the early ages of the 
history of the Ophiuroidea is entirely unproved. As to the biogen- 
etie law, von Barr’s view appears to me to be more consonant 
to facts than F. Μύπ επ”. The term ‘ primitive” may mean 
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both * archetypal" and “embryonal”; but the two must in my 
opinion be strictly distinguished. In fact, the genera in question 
of the Ophiolepidide are, in my opinion, embryonal, but not 
archetypal. 

On the contrary, the Ophiomyxine and certain genera of the 
Ophiacanthide with only horizontally flexible arms, appear to me 
to be fairly archetypal, being similar to the Paleozoic Myophiuroida 
in many structures, the presence of the genital plates, genital scales 
and oral shields, and sometimes also of the radial shields being 
the principal differences. As to the radial shields, I look upon 
them as a modification of the marginal disk scales, often present 
in both the Paleozoic and recent ophiurans, which have secon- 
darily become articulated with the genital plates where these have 
developed; and a very primitive condition of the radial shields. 
may in my opinion be seen in Ophiostiba, Ophiohyalus, as well as 
in young specimens of Ophiomyxa, &e. This view is in accord 
with Lyman’s”, according to which the radial shields are not special 
plates but are homologous with the other disk seales, and by no 
means the first to appear. 

The ventral arm plates of many genera of the Ophiomyvine, 
as Ophiosciasma, Ophiocynodus, Ophiosyzygus, Ophioleptoplax, Ophio- 
styracitum, Ophiohyalus, Ophiomyxa, Ophiodera, Ophiohymen, &c., 
and some of the Ophiacanthide, as Ophiomyces, Ophiologinus, &c. 
are long and narrow, being in eontaet with, or slightly separated 
by a naked space from, each other, at least in the proximal arm 
joints. A similar condition may be observed also in certain repre- 
sentatives of Paleozoic AMyophiuroida. In many genera of the 


Ophiacanthide, the ventral arm plates are very small, short and 


1) Rep. Challenger, V, 1882, p. 157. 
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widely separated from one another by the lateral arm plates, which 
are distinctly in contact with each other in the ventral median 
line. This condition is also observed in the distal arm joints of 
the Ophiomyxine ; so that, following the law of localised stages, 
it is evidently more distinctly embryonal than that in which the 
lateral arm plates are separated by the ventral arm plates. The 
Cigophiuroida had exposed ambulacral grooves; and this groove 
became covered over by the ventral arm plates for the first 
time in the Paleozoic Myophiuroida; so that, the ‘meeting of 
the lateral arm plates in the ventral median line can not be a 
primary condition. Moreover, the assumption that the meeting of 
the lateral arm plates in the ventral median line is a primary 
condition, makes it very difficult to assign a probable cause of the 
acquisition of the ventral arm plates. I therefore think that, 
the separated condition of the lateral arm plates in the ventral 
median line is an archetypal but not embryonal feature, while the 
meeting of those plates is an embryonal but not archetypal 
feature. 

In the Ophiomyxine, the lateral arm plates of the two sides are 
widely separated from each other on the dorsal side, while in the 
majority of the Ophiacanthide, they are well in contact. The 
second condition is what occurs also in the very distal arm joints 
of the Ophiomyxine, as well as of many Paleozoic ophiurans ; so 
that, following the law of localised stages, it is evidently more 
distinctly embryonal than the first condition. But, the assumption 
that the meeting of the lateral arm plates in the dorsal median line 
is a primary condition makes it very difficult to assign the neces- 
sity for the acquisition of the dorsal arm plates. I therefore think 
that, the meeting of the lateral arm plates in the dorsal median 
line is an embryonal but not archetypal condition, while the 
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separation of the same is an archetypal but not embryonal con- 
dition. The interpretation put forth in this and the last paragraph 
is well in accord with the biogenetic law as formulated by von 
Barr but not as formulated by F. MürrER. 

In Ophioleptoplav and Ophiohyalus, the dorsal arm plates are 
present but very rudimentary, thin and hyaline. A similar con- 
dition may be observed also in the distal arm joints of Ophiomyxa, 
as well as Ophiodera anisacantha, though the plates are in these 
forms divided into several secondary plates in the proximal arm 
joints. I imagine that, these dorsal arm plates may represent an 
archetypal condition. 

As to the divided vertebree, those of the Ophiomyxince appear 
to me to be more archetypal than those of the Ophiacanthide, 
the former reminding us of those of such a Paleozoic form as 
Ophiurina. 

Upon the basis of these considerations, I imagine that the 
Ophiomqyxine are a step more archetypal than the Ophiacanthidæ. 
Those genera of the Ophiomyxinw, in which the second oral 
tentacle pores open outside the oral slits, bave usually very slender 
adoral shields and very small oral shields, reminding us of the 
Paleozoic Myophiuroida, which are characterised by the second 
oral tentacle pores opening outside the oral slits, by the adoral 
shields not being well differentiated from, but almost similar in 
shape to, the ordinary lateral arm plates, and by the absence of 
the oral shields. That the second oral tentacle pores open outside 
the oral slits is a character, which appears to be at once archetypal 
and embryonal. 

The majority of those genera of the Ophiacanthide, in which 
the arms are only horizontally flexible, have more or less well 
developed dorsal and ventral arm plates, which separate the lateral 
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arm plates of the two sides more or less completely. These genera 
strongly resemble the Ophiomyxinw, especially Ophioscolex, save in 
the presence of well developed dorsal arm plates. I look upon 
them to be a most archetypal, though not embryonal, group of 
the Ophiacanthidw. I of course believe that the gap between 
the Ophiomyvine and Ophiacanthide is rather not very important. 
Thus, the phylogenetie origin of the recent ophiurans may be 
shown somewhat as follows. 


Ophiaeanthidze 


Ophiomyxinze 


Paleozoic Myophiuroida 


Now, I will trace the Ophiomyxine-line further. The Ophio- 
byrsine are evidently a step more advanced from the Ophiomqyriuce 
toward the 7richasteride and Gorgonocephalide, having very com- 
pact oral skeleton and more or less short, stout, rather discoidal 
vertebree with streptospondyline articulation. The only essential 
distinction of the Ophiobyrsine from the Trichasteride and Gor- 
gonocephalide arises from the fact, that the vertebre of the sub- 
family in question are less discoidal and have less well developed 
upper and better developed lower muscular fosse, as compared 
with those of the two last mentioned families. 

Among the Zvrichasteridw, the Asteronychine appear to me to 
be most archetypal, because the disk is large, the arms are com- 
paratively slender, the lower muscular fosse of the vertebra are 
relatively little reduced and the arm spines are numerous, instead 


of being reduced to two in number, thus more or less reminding 
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us of the Ophiobyrsine. The Trichasterinw are, in my opinion, 
nearer to the Asteronychine than the Asteroschematine are to the 
same, because the ventral arm plates of both the Asferonychine 
and Yrichasterinw are rather well developed and in contact with 
one another, entirely separating the lateral arm plates, while those 
of the Asteroschematine are very much reduced in size and 
separated from one another by the lateral arm plates, which meet 
in the ventral median line. This view almost coincides with that 
of Mortensen, who has pointed out the affinity of Asteronyx 
to Euryale. The Asteroschematinc are evidently descended from the 
simple-armed group of the Trichasterinc. 

Whether the Gorgonocephalide are descended from the 
Ophiobyrsine or from the Asteronychinc is rather hard to decide, 
though it is very evident, that the Gorgonocephalide have no 
direct relation to the Tvrichasterine and Asteroschematine. The 
minute hooks of the arm annuli stand in an intimate relation 
with the arm spines, as may be clearly witnessed in the very 
distal arm joints, where the arm spines are hook-shaped and the 
upper ones are smaller and show a tendeney to shift their positions 
alternately so as to form a double row. These upper arm spines 
are evidently the rudiments of the arm annuli. As already 
mentioned, the lateral arm plates are approximated dorsally in 
embryonal stages; and such a dorsal approximation occurs, in the 
present ease, in the arm spines. So I imagine that the arm 
annuli are due to the persistence of an embryonal feature of the 
arm spines. If this interpretation be right, then the arm annuli 
of the Gorgonocephalidw remind us of the arm spines of such 
genera as Ophiobrachion and Asteronyx. Though Ophiobrachion is 
referred to the Ophiobyrsine of the Ophiomyxide and Asteronyx 
to the Asteronychine of the T'richasteride, the difference between 
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the two subfamilies is by no means very great. So that, it may 
not be very unreasonable to look upon the T'richasteridw and 
Gorgonocephalide as having a blood relation att he very begin- 
ning. 

Within the limit of the simple-armed. genera of the Gorgono- 
cephalide, the Gorgonocephaline are evidently more archetypal 
than the Astrotominw, because the former have less specialised 
and less localised oral and dental papille and less powerful oral 
angles than the latter, and the latter have well developed supple- 
mentary plates in the spaces between the oral angles and the 
interbrachial ventral surfaces. 

Another point to be noted is that the dividing of the arms 
occurred independently in three groups, viz. the Zrichasterinæ, 
G'orgonozephaline and Astrotomine, an example of parallelism due 
to certain biological conditions. 

The interrelationships between the members of the Ophio- 
myxine-line, or Phrynophiurida, may be shown as follows. 


Gorgonocephalinze 
with divided arms 


Astrotominze Trichasterinee 
with divided arms with divided arms 
Astrotomins : 
with simple arms Asteroschematinse 


Gorgonocephalinz 
with simple arms Trichasterinze 
with simple arms 


| . 
Asteronychinze 


Ophiobyrsinze 
rhc 


Ophiomyxinze 
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l will now proceed to the consideration of the Ophiacanthide- 
line. As already mentioned, the genera or species with only 
horizontally flexible arms are a step more arehetypal than those 
with more or less vertically eoiled arms; but the distinction of 
these two groups can ποῖ. be very profound, since certain genera 
inelude species of both types. As far as the genera examined by 
myself are concerned, Ophiologimus and Ophiolimna are typical 
representatives of the forms with only horizontally flexible arms, 
and Ophiolebes, Ophiosemnotes and Ophiochondrella of those with 
more or less vertically eoiled arms. Ophiologimus, as probably 
also Ophiotoma, Ophioblenna, Ophiomyces, Ophiocimbium, Amphipsila, 
&c. may represent a most arehetypal group of the Ophiacanthide, 
being very close to: the Ophiomyxine on the one hand and to the 
Amphilepidide on the other. Microphiura may be very embryonal, 
having the oral papille completely soldered together and the lateral 
arm plates extremely well developed. In a very small and young 
specimen, of which the genus is indeterminable, | have observed 
that every essential structure is similar to that of Microphiura, 
the oral papille being completely soldered together, the genital 
slits invisible, the second oral tentacle pore opening entirely outside 
the oral slits, the tentacle pores provided with a crescent-shaped 
seale, and the lateral arm plates almost completely covering the 
entire surface of the arm. I therefore consider Microphiura to be 
probably a pedomorphic form, granting that the specimens described 
by Mortensen are sexually mature; it is in my opinion not truly 
archetypal. 

I have already mentioned that the very good development of 
the lateral arm plates, which separate the dorsal and ventral arm 
plates from each other, is an embryonal feature. Following this 
principle, the majority of the Ophiacanthide are embryonal in the 
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character of the arm plates. The Paleozoic ophiurans are usually 
very large, one specimen of Paleozoie Myophiuroida at hand being 
about as large as a very large specimen of Ophiomyxa flaccida, 
and another as large as, or larger than, a very large specimen of 
Ophiarachna incrassata ; while the Ophiacanthide are usually very 
small, and their arms so slender as to equal in thickness only the 
very distal part of the arms of the Paleozoic Myophiuroida. I 
imagine that the very small size of the recent Ophiacanthide is 
intimately correlated to their embryonal characters. 

The Hemicuryalide are, in my opinion, evidently a terminal 
group of the line of specialisation represented at the base by 
Ophiolebes, Ophiosemnotes, Ophiochondrella, &c., which are character- 
ised by the pronounced vertical coiling of the arms. Among 
them, the Ophiochnodrinw are very close to the Ophiolebes-group 
and more archetypal than the Hemieuryaline. 

The interrelationships of the Lwmophiurida may be shown as 
follows. 


Hemieuryalinze 


Ophiochondrinze 


| 


] 
Ophiacanthidee 
with more or less 

vertically coiled arms. 


Ophiacanthide 
with only horizontally 
flexible arms. 


From the Lemophiurida upwards, there are, in my opinion, 
two distinct lines of specialisation: one, forming the Gnathophiurida, 
is characterised essentially by the radial shield and genital plate 
articulating with each other by means of one large, conspicuous 
socket of the former and one large, ball-like condyle of the latter ; 
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and the other, forming the Chilophiurida, is characterised essen- 
tially by the radial shield and genital plate articulating with each 
other by means of two condyles and one pit of cither plate. 

Among the Gnathophiurida, the Amphilepidide are evidently 
most archetypal, being closely allied to the Ophiacanthide with 
only horizontally flexible arms, in the very large peristomial plates, 
in the not very stout oral frames without well developed lateral 
wings, in the very long and slender oral plates, in the genital 
plates being not fixed to, but free from, the basal vertebra, and 
in the often incompletely divided vertebr:. 

The Amphiuride and Ophiotrichide are characterised by the 
very small peristomial plates, by the very stout oral frames with 
well developed lateral wings, by the stout oral and dental plates, 
by the very stout, quadrangular teeth and by the genital plates 
being firmly fixed to the basal vertebre. Among them, the 
Ophiactinine are evidently nearest to the Amphilepidide, because 
neither have paired infradental papillae or dental papille. 

In my opinion, the paired infradental papille of the Amphiu- 
rine and the dental papille of the Ophiotrichidce were acquired as 
supplementary organs for mastication after the teeth had become 
quadrangular and very stout. The Amphiurine might be looked 
upon as ancestors of the Ophiotrichide, if the paired infradental 
papile and dental papille eould be proved to be homologous. 
But according to Cranr,? the paired infradental papille are 
genuine oral papille, while the dental papille are modifications 
of the teeth. Hence it appears that the two kinds of papille just 
mentioned aro merely analogous organs adapted to a similar 
function. The Amphiurine and  Ophiotrichide are then parallel 


1) Growth-Changes in Brittle Stars. Publication No. 182 of the Carnegie Institution, 
Washington, 1914. 
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groups and not directly related to each other, not to mention that 
the Ophiotrichide are the most highly specialised of the Gnatho- 
phiurida. 

It appears to me to be noticeable that in those forms, in which 
the masticatory apparatus is well developed, the oral papille are 
liable to reduction. In Ophiactis, Ophiopus, Hemipholis, the Am- 
phiodia-group, &c., the papille which arise from the adoral shields 
are absent. In Ophiopholis and the Amphiura-group, the oral 
plates are almost free of papille. In Ophiopsila (Ophiocomide), the 
outer oral papille are strongly reduced. And finally, the Ophio- 
trichide entirely lack the oral papille. This fact probably has a 
certain biological meaning. 

The interrelationships of the Gnathophiurida may be shown 
approximately as follows. 


Ophiotrichides 


Amphiurinee 


Ophiactininze 


Amphilepididee 





Ophiacanthidee 


with only horizontally 
flexible arms. 


The Chilophiurida are very extensive and divergent, and it is 
very difficult to make out their interrelationships clearly. Certain 
genera of the Ophiolepidide, e.g. Astrophiura, Ophiomisidium, Ophio- 
mastus, &c., and Ophiomusium, are frequently looked upon by 
certain authors as very primitive. I can agree with these authors, 
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if by “primitive” they mean “embryonal” in the strict sense. 
But if they regard the genera in question as archetypal, I must 
dissent. My reasons for doing so may be stated as follows. 

1. The disk of these forms is entirely or largely covered 
with the primaries and radial shields, a condition observed in very 
young and small individuals of other ophiurans. The disk structure 
of these forms is due to the simple growth of tho plates found in 
à very young stage. 

2. In these forms, the genital slits are either entirely invisi- 
ble or exceedingly small. The genital slits are also entirely in- 
visible in very young and small individuals of other ophiurans. 

3. The oral papille of these forms are usually fused together 
to form a single piece. This feature probably represents the stage 
previous to the division of a common rudiment into individual 
papillee. 

4, The arms of these forms are extremely short, consisting 
of only a small number of joints, and are covered chiefly by the 
lateral arm plates. This condition is also observed in very young 
and small individuals of other ophiurans. 

5. In these forms, the tentacle pores are limited to a few 
basal arm joints. It appears to me very difficult to look upon 
this condition as archetypal; it may however be embryonal. 

6. The wings of the vertebre are in these forms exceedingly 
thick even in the very basal arm joints. This condition may be 
derived from what is observed in a very young stage by simple 
growth of the vertebre without change in the relative size of their 
constituent parts. 

‘Thus, the genera in question appear to me to be pedomorphic 
in almost all structures; so I look upon them as neotenic forms. 
That they can not be truly archetypal, and that embryonal 1.6. 
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pedomorphie characters are not always archetypal, is clear from 
what I have said already. 

In my opinion, the Ophiarachnine and Ophiochitonine are the 
most archetypal of the Chilophiurida, some of them being so noar 
to the Ophiacanthide as to be distinguished from the latter only 
with great difficulty. Indeed Ophiuroconis and Ophiurocheta have 
hitherto been confused with Ophiolimna of the Ophiacanthide by 
several authors, and Ophiochiton was considered by VERRILL to 
belong to the Ophiacanthide. Moreover, I have been able to 
find out incompletely divided vertebrz in certain species of 
Ophiuroconis and Ophiurodon. 

A next ally of the Ophiarachnine is, of course, the Ophioder- 
matine, which are distinguished from the former by the very 
short arm spines. Judging from the degree of calcification of the 
vertebrae, the Ophiarachninw ‘are evidently more archetypal than 
the Ophiodermatine. The Ophiochitonine lead to the Ophionerei- 
dine, which are however a step more specialised than the former 
in having a well developed masticatory apparatus. Ophiodoris is 
evidently intermediate between the Ophiochitonine and the other 
Ophionereidine. The Ophionereidine are intermediate between the 
Ophiochitonine and  Ophiocomide, so far as the oral skeleton is 
coneerned, and might fairly be looked upon as the direct ancestor 
of the last mentioned family, if the dorsal surface of the vertebree 
were not so strongly notched at the inner end. This last character 
of the vertebree of the Ophionereidine, as well as probably of the 
Ophiotrichide, appears to me to be correlated to the very high 
flexibility of the arms. The same character is not however equally 
well developed in all the Ophionereidine, but only very feebly in 
Ophiodoris, which is unique among the Ophionereidine in being 
destitute of supplementary dorsal arm plates. A parallel character 
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is found in the Ophiocomide, in which the dorsal surface of the 
vertebre is not distinctly notched at the inner end and the dorsal 
arm plates are entirely free of supplementary plates. Therefore, it 
appears to me not very improbable that the Ophionereidinw and 
Ophiocomide may finally merge into à common stock at the very 
base. I have observed that very young specimens of. a certain 
species of Ophiocoma have a squamated disk, which is almost free 
of granules, and arms which in ventral view remind us of those 
of Ophioplax and Ophionereidine. As already pointed out, the oral 
papille are liable to be reduced when the masticatory apparatus 
is very well developed. This tendency is also observable in the 
Ophiopsiline (Ophiocomide). Moreover, the Ophiopsiline appear 
to me to be slightly more specialised than the Ophiocomine, 
because the radial shields are fairly bar-like, the outer ends of the 
genital plates more or less approximated to each other at the 
dorsal side of the arm base and the tentacle scales very peculiar 
in shape. I imagine that the Ophiopsilinw represent a last phase 
of the Ophiocomina. 

As suggested by Kener, Ophiochiton appears to me to ro- 
semble much such genera as Ophiozona and Ophiozonella of the 
Ophiolepidine. This resemblance might be of a superficial nature, 
if the difference of the arm spines being erect or appressed were 
of primary importance. But this difference is observable even in 
the proximal and distal parts of a single arm in many genera. I 
therefore agree with CLARK, who looks upon the difference of the 
arm spines in question not to be of primary importance. Then, 
the relation of Ophiochiton to Ophiozona, Ophiozonella, «ο. cor- 
responds to that of the Ophiarachnine to the Ophiodermatine. 

Among the Ophiolepidine, Ophioceramis has a very well 
developed masticatory apparatus. Thus, we see that the mastica- 


382 ART. 2.—H. MATSUMOTO : 


tory apparatus is very well developed more or less independently 
in three lines, one of which is represented by the Amphiuride and 
Ophiotrichide, the second by the Ophionereidine and Ophiocomida, 
and the third by Ophioceramis. As I have already explained, 
Ophiomusium is the most embryonal, ie. pedomorphic form of 
the Ophiolepidine. ` 

In my opinion, the Ophiomastine present an almost unbroken 
series of peedomorphism, of which the terminal members are such 
genera as Astrophiura, Ophiophycis, | Ophiomisidium, Ophiotypa, 
Ophiomastus, Anthophiura, Aspidophiura, Ophiopyrgus, «ο. The 
grounds for this opinion have already been stated. If I am right, 
the Ophiomastine, as well as Ophiomusium, must have been derived 
from the other Ophiolepidine by neoteny. 

The Ophioleucide superficially resemble the “Ophiodermatide, 
but their true allies are, in my opinion, the Ophiolepidinw. The 
very thick and solid squamation under the superficial granules of 
the disk, the usually internally joined radial shields, the rhomboidal 
or lyre-shaped oral shields, the peculiarly long adoral shields, the 
comparatively long oral plates, the articulation of the genital plate 
and seale at their outer ends, the flattened arms, the very few— 
usually only two—arm spines, &c. are characters usually observed 
also in Ophiura and its allies. In certain genera of the Ophioleucide, 
the second oral tentacle pores show a tendency to be displaced 
outside the oral slits. Ophiotrochus, which has partially soldered 
oral papille and very rudimentary dorsal and ventral arm plates, 
may be the most embryonal, i.e. peedomorphie form of the present 
family. 

It is theoretically to be expected that the very embryonal 
forms of various families, e.g. Microphiura of the Ophiacanthide, 


Astrophiura, Ophiophycis, Ophiomisidium, Ophiotypa, Ophiomastus, 
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Anthophiura, Aspidophiura, Ophiopyrgus, &e. of the Ophiomastinc, 
Ophiomusium of the Ophiolepidine and Ophiotrochus of the Ophio- 
leucide, apparently resemble one another in some characters; but 
these resemblances have in my opinion no significance for the 


follows. 


phylogeny. 
The interrelationships of the Chilophiurida may be shown 
Ophioleucidee 


with very rudimentary 
dorsal arm plates 


Ophioleucides 
with well developed 
dorsal arm plates 






Ophiomastinee Ophiopsilinss 


Ophiolepidinz 
with only a 
few tentacles 


Ophiolepidinz 
with well developed 
masticatory apparatus 

Ophiocomins 
Ophiolepidins& pars 







Ophionereidinz 
Ophiodermatinse 
Ophiochitoninze 


Ophiarachninze 


Ophiacanthidee 
with only horizontally 
flexible arms 
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Postscript. 


Recently I received Cranx's “ Catalogue of Recent Ophiurans," 
Mem. Mus. Comp. Zool., Vol. XXV, No. 4. As this paper of mine 
was then in press, no reference is made to it in the literature of 
the species. My opinions or notices upon several parts of his 
monograph have been added as foot-notes. 


General Explanation of Plates. 


Pl. I, figs. 1-9 illustrate the internal structures of the Ophiomyxina. The peristomial plates 
are double in Ophiomyxa australis (figs. 4 & 7) and Ophiostiba hidekii (fig. 9), one overlapping 
the other in the latter species; triple in Ophiodera anisacantha (fig. 1); double or triple in Ophio- 
hyalus gotoi (fig. 8). It is noteworthy, that the peristomial plates show a tendency to be simple 
in younger stages, as may be seen in fig. 4, illustrating a younger specimen of Ophiomyx+ 
australis, The double or triple (at least in adult), thin, delicate peristomial plates, and not very 
stout oral plates and frames are characteristics of the Ophiomyxine: in contrast to the Ophio- 
byrsine, Trichasteride: and Gorgonocephalidaz. The articulation of the genital plate and radial 
shield is illustrated in fig. 1 (Ophiodera anisacantha) and fig. 4 (Ophiomyxa australis); it is very 
simple, without any particular condyle and socket, a common character of the Phrynophiurida 
and Lemophiuride. In the last two illusrations, the genital scales are seen to articulate with 
the genital plates at some distance away from the outer ends of the latter, a common character 
of the Ophiomyxida: and Asteronychina? in contrast to the T'richasterino, Asteroschematinw and 
Gorgonocephalider ; and the dorsal surface of the vertebrie (except the very basal ones) is rhom- 
boidal and the wings of the same very thin on the sides, a characteristic of the Ophiomyxinee in 
contrast to the Ophiobyrsinee, Trichasteridæ and Gorgonocephalidw. The articular surfaces of the 
vertebrae are illustrated in figs. 9 & 3 (Ophiodera anisacantha) and 5 & 6 (Ophiomyxa australis); 
the articulation is typically zygospondyline, the umbo and knobs on the inner articular surface, 
and the shoulder and peg on the outer, being all well developed, a character of the Ophiomyxina: 
in contrast to the Ophiobyrsinw, Trichasterine and Gorgonocephalide ; the great size of both 
the upper and lower muscular fossæ is a character common to the Ophkiomyxide and the other 
“common” ophiurans in contrast to the Tvichasteridw and Gorgonocephalider, 

Pl J, figs. 10 & 11 and Pl. II, fig. 1 illustrate a vertebra of Ophiosmilex mirabilis, a repre- 
sentative of the Ophiobyrsinw. The articulation is typically streptospondyline or saddle-shaped | 
a common character of the Ophiobyrsince, Trichasteridæ and Gorgonocephalide? in contrast to the 


Ophiomyxinw. The upper and lower muscular fossz are both large, a character of the Ophio- 


MONOGRAPH OF JAPANESE OPHIUROIDEA. 9385 


wyxidie in contrast to the Trichasteride and Gorgonocephalidu. The vertebra is moderately 
short and stout (Pl. II, fig. 1), being shorter and stouter than that of the Ophiomyxina: but 
not so very short and stout as in the Trichasteride and Gorgonocephalida, a characteristic 
of the Ophiobyrsinw. The wing of the vertebra is very thick laterally as well as dorsally, a 
common character of the Ophiobyrsince, Trichasteridee and Gorgonocephalidw, As the specimen, 
from which the illustration has been made, is very small and young, the characteristic sbape of 
the vertebra is not yet fully developed; the vertebr:e near the disk of full-grown specimens of 
the OpAiobyrsinc are much more stout and more distinctly discoidal. Pl. I, figs. 12 & 13 show 
the two forms of arm spines of Ophiosmilua mirabilis, both being converted into compound 
hooks. It is noteworthy, that the arm spines of the majority—presumably all—of the Phryno- 
phiurida are always hook-shaped in their embryonal stages, as observed in the distal arm 
joints. 

Pl. I, figs. 14-16 illustrate the internal structures of Asteronyx loveni, a representative of the 
Asteronychinw. The peristomial plates are simple, stout and firmly soldered to the oral frames, 
which are also very stout, common characters of the Ophiobyrsinew, Trichasteridee and Gorgono- 
cephalide in contrast to the Ophiomyxinw, The very kasal vertebræ are not notably shorter 
than the outer; all the vertebr:e are short, stout and discoidal; and the vertebral articulation is 
typically streptospondyline or saddle-shaped; all thise characters are common to the Ophio- 
byrsina', Trichasteridee and Gorgonocephalida. The upper muscular fossæ are fairly large and 
the lower rather small; this character is rather intermediate between those of the Ophionnyxidir 
and of the other Trichasteridw, for the upper and lower muscular fosse are subequal in size in 
the former and very unequal in the latter. The relatively small inequality between the upper 
and lower fossa here illustrated may partially be due to the youngness of the specimen. The 
genital plates are high in position relatively to the basal vertebr:e; this character also approach- 
es to that of the Ophiomyxidw, The genital scales articulate with the genital plates near the 
inner ends of the latter, a characteristic of the Asteronychiney in contrast to the Trichesteriner, 
Asteroschematinee and Gorgonocephalide, The articulation of the genital plate and radial shield 
is very simple, without any particular condyle and socket, a common character of the Phryno- 
phiurida and Lemophiurida. 

Pl IL figs. 7 & 8 illustrate the skeletal structure of Tvichaster elegans, a representative of 
the Trichasterine, The oral plates are very stout, a common character of the Ophiabyrsine, 
Trichasteridee and Gorgonocephalide. The adoral shields are also large and stout, a character of 
the Ophiomyxide: and Tvrichasteride: in contrast to the Gorgonocephalide; a peculiar feature is 
that they are divided into inner and outer halves. The lateral arm plates of the two sides are 
separated from each other by the ventral arm plates, a character of the Asteronyehince and 
Trichasterine: in contrast to the Ast roschematince. The ventral arm plates are divided into two 
or three secondary plates, a peculiar feature. The interbrachial area is very small and the 
genital plates and scales are very closely set side by side; this is a generic character. That the 
genital scales do not lie far inward from the outer ends of the genital plates is a common 


character of the Trichastevine, Asteroschematina and Gorgonocephalide: in contrast to the 
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-Asferonychimce. Text-fig, 8 b-d (p. 38) may also be referred to here. The upper muscular fosse 
of the vertebra are much larger than the lower, a common character of the T'vichasterid«e and 
Gorgonocephalide ; each dorsal arm plate being represented by a pair of triple rows of nodule- 
like secondary plates is a generic character; that each dorsal arm plate is represented by a pair 
of secondary plates or of groups of secondary plates in the basal arm joints containing the 
generative glands, is a common character of Astroceras, Trichaster and Asteroschema, 

Pl 1L figs, 2-6 illustrate the internal structure of Asteroschema japonicum, a representative 
of the ststeroschemutine. The very stout peristomial plates which are firmly soldered to the 
also very stout oral frames, the short and stout and markedly discoidal vertebrie, the strepto- 
spondyline vertebral articulation, the markedly unequal upper and lower muscular fossœ of the 
vertebra, the very simple articulation of the genital plate and radial shield, and the position of 
the genital scales in relation to the genital plates, are characters which have been already 
explained. The lateral arm plates are transversely bar-like, and those of the two sides are in 
contact with each other in the ventral median line, thus separating the very small ventral arm 
plates from one another, a characteristic of the .4sferoschematinec. Each dorsal arm plate is 
represented by a pair of bar-like rows of secondary plates; this is a generic character, though 
the fact that each dorsal plate is represented by a pair or group of secondary plates is a 
common character of Astroceras, Trichaster and Asteroschema, as already explained. 

Pl. Il, figs. 9 & 10 illustrate the internal structure of Astrotoma sobrina, a representative of 
the Astrotomine: (Gorgonocephalidie). The common characters of the Trichusteridee aud Gorgono- 
cepalida: are sufficiently explained in the text. The basal vertebra are much narrower and smaller 
than those beyond, a characteristic of the Astrotomina in contrast to the Gorgonocephalinw. They 
are covered over by the muscles between them and the genital plate, also a characteristic of the 
Astrotominw., The adoral shields are very small and insignificant, a characteristic of the 
Gorgonoeephalidee in contrast to the Trichasteride. ‘The area just inside the  interbrachial 
ventral surface is occupied by a mosaic of supplementary plates, a characteristic of the Astro- 
tominw in contrast to those genera of the Gorgonocephaline with arms simple or divided a few 
times, and a common character of the Astrotomina? and those genera of the Gorgonocephalinaz 
with arms divided many times. The common character just mentioned may be due to convergence. 
Pl. II. fig. 11 shows a compound hook of an arm annulus of As‘rothamnus echinaceus. Such a 
compound hook with more than two supplementary  hooklets besides the terminal one is 
uncommon among the Gorgonocephalida. The compound hooks of the arm annuli of Astrotoma 
sobrina belong partially to this type with two or three supplementary hooklets and partially 
to the common type with only a single supplementary hooklet besides the terminal one. 

Pl IH, figs. 1-6 illustrate the internal structures of the Ophiacanthidæ. The peristomial 
plates of Ophiacantha bidentuta (fig. 1), Ophiolebes tuberosa (fig. 4), Ophiolimna antarctica (fig. 5) 
and O. papillata (fig. 6) are almost or perfectly entire and very large, characters common to most 
of the genera of the Lemophiurida and certain groups of the other orders. That the peristomial 
plates of the two species of Ophiolimm4 just mentioned are almost entire and very wide and 


short, is a proof of their Ophiaeanthine, and not Ophiodermatine, affinity ; the peristomial plates 
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of the Ophiodermatidw being always triple and rather long relatively to their width. The oral 
frames of Ophiolimna are very slender, a character of those forms of the Ophi«centhiden with 
zygospondyline vertebral articulation; those of Ophiolebes and Ophiacantha bidentate are rather 
stout, a character of those forms of the same family with streptospondyline vertebral articula- 
tion. The vertebral articulation of the latter type is illustrated here by Ophiacantha bidentata 
(figs. 2 & 3). It is noteworthy that both the types of vertebral articulation are represented in 
Ophiacantha; Ophincantha cuspidatu having zygospondyline vertebral articulation according to 
Lyman. The streptospondyline articulation is à common character of a part of the Ophiccanthi- 
dw and all the Hemieuryalide among the Lwmophiurida, as well as of the Ophtobyrsine, 
Trichasteridwe and Gorgonocephalidcee among the Phrynophiurida. Ophiolebes tuberosa (fig. 4) has 
short and stout vertebr:, whose wings are rather thick laterally as well as dorsally, also a 
common ckaracter of those forms with streptospondyline vertebral articulation. The articulation 
of the genital plate and radial shield is, as shown in the figure, very simple, without any 
special condyle and socket, a common character of the Phrynophiurida and Lomophiurida. The 
genital plate and scale merely articulate with each other, without being soldered together, a 
character of the Ophiacanthidce and some other orders in contrast to the Hemieuryalide. 

Fl. III, figs. 7 & 8 illustrate the internal structures of Amphiuctis umbonata, a representative 
of the Amphilepididw. The peristomial plates nre almost simple and very large, a character 
distinguishing the present family from all the other Gnatkophiurida. The oral plates and frames 
are slender and the latter have no lateral wings, also a character distinguishing the present 
family from the other Gnethophiuride, The dental plate is absent; this is a peculiar character. 
The teeth are not very stout and thick, though appearing wide in the figure, also a character 
vf the present family in contrast to the other Gnathophiuridea. The genital plates bear a very 
conspicuous, ball-like articular condyle on the dorsal side near the outer end; this is a charac- 
teristic of the Gnathophiurida in contrast to all the other orders. The genital scales are wide, 
thin and leaf-like and articulate with the genital plates near the outer ends of the latter; 
these characters of the genital scales are notable in the Garcthophiurida, though also found in 
some Chilophiurida. The dorsal surface of the vertebra is rhomboidal, instead of being strongly 
notched at the inner end, a common character of the .imphilepididw and Amphiuridie in contrast 
to the Ophiotriehidee among the Gnathophiuridu. The distal vertebr:e (fig. 8) are in this species 
imperfectly divided into halves by a series of pores. Such vertebre or those in which the 
halves are divided by a moniliform pore, are found in several of the genera with the arms 
perfectly protected by the plates (see also Pl. V, fig. 3); while vertebre with the halves 
divided by a fusiform pore are found in the Ophiomyzxincw, in which the dorsal side of the 
arms is largely unprotected. See text-fig. 2 f & g, p. 18. 

Pl. III, figs. 9-13 and Pl. IV, figs. 1-5 illustrate the internal structures of the Amphiwrider, 
The peristomial plates of Ophiactis pteropoma (Pl. ΤΠ, fig. 9), Ophiopholis aculeata (P1. IIT, fig. 
10), Hemipholis elongata (Pl. IV, fig. 1), Amphioplus ancistrotus (Pl. IIT, fig, 11), Amphiaeanthe 
dividua (Pl. III, fig. 12), Ophiophragmus japonicus (Pl. IV, fig. 3) and Amphipholis kochii (PL 


IV, fig. 2) are simple and very small, a common character of the Amphiuridw, with the excep- 
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tion of tho Ampkiura-group, and the Ophiolvichida?; those of Amphiura vadicola (Pl. II, fig. 
19), A. trachydisen (Pl. IV, fig. 4) and Ophiocentrus verticitlatus (Pl. 1V, fig. 5) are double and 
very small, a character of the Amphiura-group. The common outline of the oral and dental 
plates of all the representatives here illustrated is 2X-shaped, though that of Amphiacantha 
dividua is slightly atypical owing probably to the fact that the specimen is very small and 
young. This character is common to the Amphiurida: and Ophiotrichidie in contrast to those 
groups of the Chilophiurida with well developed masticatory apparatus. The teeth are very 
stont, squarish, with wide and truncated tips, and the oral frames are very stout and have 
well developed lateral wings, characters common to the Amphiuridie, Ophiotrichide, Ophioceramis, 
Ophionereilinee and Ophiocomidw, "Phe genital plates in Ophiopholis aculeata (fig. 10) nnd Ophio- 
centrus verticillutus (fig. 5) bear each n very conspicuous, ball-ike articular condyle on the 
dorsal sido near the onter end; this is a characteristic of the G@nuthophiuridu, as already 
explained. They are firmly attached to the basal vertebra, a common characteristic of the 
Amphiuvide: and Ophiotrichida: in econtrast to all the other ophiurans. The genital scales of 
Ophiopholis aculeata (P1 ΠΠ, fig. 10) are wide, thin and leaf-like and articulate with the genital 
plates near the outer ends of the latter; this is also a character of the Gnethophiurida and 
part of the Chilophiurida. The vertebre are seen in fig. 10, PI. HI (Ophioph lis aculeata) and 
fig. 5, Yl. IV (Ophiocentrus verticillatus), their dorsal surface is rhomboidal and not very 
deeply notched at the inner end, a common character of the Amphilepidi ke and Amphiuridw, 
as well as several groups of the other orders, in contrast to the Ophiotrichide. 

Pl. IV, figs. 6-8 illustrate the internal structures of the Ophiotrichidae. In all the species 
here illustrated, viz. Ophiothria nereidina (fig. 6), O. koreana (fig. 7) and Ophiothdle danw (fig. 
3) the peristomial plates are simple and small, a common character of part of the 
Amphiurid, nnd the Ophiotrichidie ; the common outline of the oral and dental plates is 
X-shaped, a common charneter of the Amphiurida and | Ophiotriehidu: ; the teeth are very stout, 
squarish, with wide and truncated ends, and the oral frames are very stout and have well 
developed lateral wings, eharacters common to the .lwphiuridw, Ophiotrichidie, Ophioceramis, 
Ophionereidinie and Ophiocomidie ; the genital plates bear a very conspicuous, . ball-like articular 
condyle on the dorsal side near the outer end, a characteristic of the Gnathophiurida ; the dorsal 
surface of the vertebra (except the very basal ones) is Y-shaped, a characteristic of the Ophio- 
frichide: in contrast to the -lmphilepidida: and Amphiuride ; the genital scales are wide, thin and 
leaf-like, a character of the Gnrathophiuride and part of the Chilophiuride. The radial shields 
are, as seen in fig. 6 (Ophiothrix nereidina), very large and triangular, a common character of 
most of ihe genera of the Ophiotrichidie, und have n very large articular socket to fit to 
the ball-like articular condyle of the genital plate, a characteristic of the Gnathophiurida. 

Pl. V, figs. 1-5 show the internal structures of .isfrophiura kewanurai. The peristomial 
plates are absent, though the peritoneal membranes of the oral region and other parts contain 
very fine scales (fig. 1), It is stated by Lyman, that Ophioplinthus meduse lacks the peristomial 
yates, ‘The oral frames are very long and slender, also reminding us, of those of ; Ophioplinthus 


eneduse, ‘The oral plates are also slender, and the dental plate is stont., The genital 
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plates and seles are entirely internal and very much reduced in size; the latter nre entirely 
proximal to the former, the two articulating with each other terminally. These features of 
the genital plates and scales aro quite peculiar. ‘The gonital plate has no special condyle 
and socket for artienlation with the radial shield, but the outer end itself of the plate serves 
for an irticular facet. Tt may bo thought, that Astrophiura is not Chilophiuridan but Tav- 
mophiuridan in the articulation of the genital plate and radial shield; but my view is that, this 
condition is simply a result of tho extreme reduction of the gonital plates. Tho very basal 
vertebrie are large and long, instead of being very small and short, and aro quadrangular in 
dorsal view, again reminding us of those of Ophioplinthus medusa. The ventral side of each 
vertebra within the pentagonal “asteroid” body has a well marked median suture (fig. 2. The 
vertebra of the free arms aro divided into halves by a very narrow moniliform slit (fig. 3). Tho 
articulation of the same is zygospondyline (figs. 4 & 5), a common character of the Ophiomyxine, 
Ophiucunthida: pars, (nathophiurida and Chilophiurida. 

Pl. V, figs. 6-12 illustrate the internal .struetures of the more typical genera of the 
Ophiolepilide, In all the species here illustrated, viz. Sleyophiuru sladeni (fig. 6), Ophiomusium 
trychnum (fig. V), O. cancellatum (fig. 8), Ophiozonella longispina (fig. 9), Ophiozone impressa (fig. 
10). Ophioplocus japonicus (fip. 11) and Ophioceramis januarii (fig. 12), the peristomial plates are 
double and small, a character common to the majority of the present family; the double or 
triple character of the peristomial plates is common to the majority of the Ophiolepidide and 
to all the other families of the Chilophiurida (all the members of the Ophiolepididi: which aro 
atypical on this point are very jxedomorpbie). The tecth are slender and pointed in Stegophiura 
and Ophiomusium, show a tendency to be stont and squarish in Ophiozonella, are modorately 
stout and squarish in OpAiozon« and Ophioplocus, and very strongly so in Ophiocerumis. ‘The 
stoutness of the oral frames increases also almost in tho same order; the oral frames of 
Ophiozowt and Ophioptocus show a tendency to have lateral wings, and those of Ophiocerumis 
have well developed lateral wings. In Stegophiura, Ophiomusium and Ophiozonella, the first 
vertebra is the shortest; while in Ophiozone, Ophioplocus and Ophioceramis, the second is the short- 
est. It is noteworthy, that tho very basal vertebre of Ophiomusium trychnum nro not much 
reduced in length; this is n common character of the more piedomorphie forms. 

Pl V, fig. 13 shows the internal structures of Ophioleuce cherischema, a representative of 
the Ophioleucidie. Tho peristomial plates are rather large and triple; triple peristomial plates are 
also found in the Ophiodermatida: but not in the Ophiolepidida. The oral plates and frames 
are long and slender, and the latter do not bear well developed lateral wings; these characters are 
found also in the typieally deep-water forms of the Ophiolepididw. The genital plate has two 
articular condyles and one articular pit to fit to the two condyles and one pit of the radial shield, 
a characteristic of the Chilophiurida. The gouital scales are wide, thin and leaf-like ; this character 
is also found in Ophiura and its allies, as also in the Gnuthophiurida, and is correlated with 
very long genital slits. The first vertebra, not the second, is the shortest; this condition is also 


observed in the deep-water forms of the Ophiolepididir, as well as some other families. 
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Pl. VI, figs. 1-7 illustrate the internal structures of the Ophiodermatidae In all the species 
here illustrated, viz. Ophiwrodon grandisquama (fig. 1), Ophiurochecta mixta (fig. 2), Ophiuroconis 
miliaria (fig. 3), Ophiarachna incrassata (fig. 4), Bathappectinura gotoi (fig. 5). Peetinura anchysta 
(fig. 6) and Ophiarachnella gorgonia (fig. 7), the peristomial plates are moderately large and 
triple, a common character of the Ophiodermatide: and Ophiochitonine as well as Ophioleuce and 
Ophiocrasis ; ihe oral frames do not have well developed lateral wings, a common character of 
the Ophiolepididee pars, Ophioleucidee, Ophiodermatile: and Ophiochilonine, in contrast to the 
Ophionereidinee, Ophiocomide and Ophioceramis; the teeth are not very stout, though often 
squarish. That Ophiwrodon, Ophiurocheeta and Ophiuroconis have triple peristomial plates is a 
proof of their being Ophiodermatine and not Ophiacanthine. The majority of the Ophiacanthidw 
have almost entire peristomial plates, and Ophiothamnus, the only known Ophiacanthine 
member with triple peristomial plates, is very different from the genera in question. The oral 
frames of Ophiarachna incrassata (fig. 4) and Bathypectinura gotoi (fig. 5) are especially long 
and have V-shaped grooves for the ambulacral ring-canal, much reminding us of those of 
Ophiochiton fastigatus (fig. 8). 

Pl. VI, figs. 8 & 9 illustrate the internal structures of the Ophiochitoninc, which are almost 
similar to those of the Ophiodermatida. In both the species here illustrated, viz. Ophiochiton 
fastigatus (fig. 8) and Ophioplax lamellosa (fig. 9), the peristomial plates are moderately large 
and triple, quite as in the Ophiodermatidec ; the oral frames do not have well developed lateral 
wings, and the teeth are not very stout, again as in the Ophiodermatidee and certain other 
families; and the dorsal surface of the vertebra is rhomboidal, instead of being strongly 
notched at the inner end, quite as in many other families, but not as in the Ophkionereidine. The 
oral frames of Ophiochiton fastiqgatus are especially long and have V-shaped grooves for the 
ambulacral ring-canal, like those of Ophiarachna incrassata and .Bathypectimura gotoi, as already 
mentioned. The genital plate of Ophiochiton fustigatus has two articular condyles and one 
articular pit to fit to the two condyles and one pit of the radial shield. a characteristic of the 
Chitophiurida, 

Pl. VI, figs. 10 & 11 and Pl. VII, figs. 1-3 illustrate the internal structures of the 
Ophionereidina:, The peristomial plates of Ophiodoris pericaltes (Pl. VI, fig. 10), Ophionereis 
annulate (Pl. VII, fig. 1) and O. reticulata (Pl. VII, fig. 2) are double and very small, quite as 
in the OpAiocomidee, and those of Ophiocrasis marktanneri (Pl. VII, fig. 3) are triple and very 
small. The common outline of the oral and dental plates of all the species here illustrated is 
T-shaped instead of being X-shaped, a common character of Ophioceramis, the Ophionereidine: 
and Ophiocomidae: among the Chilophiwridu, in striking contrast to the Amphiuride and 
Ophiolrichidee among the Gnathophiuridea. The teeth of all the Ophionereidime are stout and 
squarish, quite as in OpAioceramis, Ophiocomida, Amphiurida and Ophiotrichidev. The oral 
frames of Ophiodoris are moderately stout and have more or less well developed lateral wings, 
and those of Ophionereis and Ophiocrasis are very stout and have very well developed Iateral 


wings. The dorsal surface;of the vertebra of Ophiodoris (Pl. VI, fig. 11) is Y-shaped, except in 
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the very basal one, being moderately notched at the inner end. and that of Ophionereis and 
Ophiocrusis is V shaped, being strongly notched at the inner end. The Y- or V-shape of the 
dorsal surface of the vertebra is a common character of the Ophiotrichide among the Gnatho- 
phiurida and the Ophionereidowe among the Chilophiurida. 

Pl. VII, figs. 4-7 illustrate the internal structures of the Ophiocomine. In all the species 
here illustrated, viz. Ophiocoma scolopendrina (figs. 4 & 5), Ophiomastix annulosa (fig. 6) and Ophiar- 
thrum elegans (fig. 7), the peristomial plates are double and very small, as in Ophiodoris and 
Ophionereis ; the common outline of the oral and dental plates is TT-shaped, as in Ophioceramis 
and ihe Ophionereidinw ; the teeth are very stout aud squarish and the oral frames are very stout 
and have well developed lateral wings, as in the Amphiuriduw, Ophiotrichidce, Ophioceramis and 
the Ophionereidime ; the dorsal surface of the vertebra is rhomboidal and not strongly notched 
at the inner end, a character distinguishing the Ophiocomine from the Ophionereidina. The 
genital plates have, as shown in fig. 7 (Ophiarthrum elegans), each two articular condyles and 
one articular pit to fit to the two condyles and one pit of the radial shield, a characteristic of 
the Chilophiurida. The genital scales are narrow and bar-like and articulate with the genital 
plates at some distance inwards from the outer ends of the latter, a common character of the 
majority of the Chilophiurida, viz. the Ophiomastiue pars, Ophiolepidincee, Ophiodermatidee, Ophio- 
chitonide and Ophiocomide. The radial shields are very large, subtriangular, and consist of the 
body and a lateral wing, a character distinguishing the Ophiocominc: from the Ophiopsilinw. 

PI. VII, fig. 8 shows the internal structure of Ophiopsila riisci, a representative of the Ophi- 
opsilime with the sole genus Ophiopsila. The oral skeleton is throughout similar to that of the 
Ophiocomina. The vertebræ are also similar, though relatively narrower. The genital plates, as 
well as the radial shields, have each two articular condyles and one pit, and the genital scales 
are narrow and bar-like and articulate with the genital plates at some distance inwards from 
the outer ends of the latter, decisive proofs that Ophiopsila belongs not to the Gaathophiurida 
but to the Chilophiurida, and not to the Amphiuride but to the Ophiocomidw. The outer ends 
of the genital plates of the same radius approach more closely to each other than in the Ophioe 
comune. The radial shields are very narrow and bar-like, the lateral wings being scarcely 


developed, a character distinguishing Ophiopsila from all the OpAhiocominc. 
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Abbreviations used in the Explanation of Plates. 


εν. 


ΑΡ 


.. Adoral shield. 
..Artieular peg. - 
. -Articular shoulder. 
. -Articular condyle of genital plate or radial shield. 
.. Dental plate. 
. Oral frame. 
. Genital plate. 
. -Articular knob. 
..Lateral arm plate. 
..Lower muscular fossa. 
.. Madreporie oral shield. 
.Oral plate. 
. . -Oral shield. 


.. Peristomial plate. 


Radial shield. 


. .Genital scale. 
. . Articular umbo. 
..Upper museular fossa. 


..Ventral arm plate. 
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INDEX OF GENERA AND SPECIES. 


Amphiacantha ... .. 150, 168, 177, 178, 
358. 2 

acanthia. ...... 151, 178, 179, 361. 

πππρπηοσπήτυ, ΘΛ 178. 


dividua....151, 152, 178, 179, 180, 
961, 387, 388. 


formosa...... 178, 179, 357. 
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352. 
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CIVIC oao a -------. 147. 
jungs ccs E T 147. 
ERED sarana E UE 147. 
paula cu E SE 147. 
umbonata......146, 147, 361, 387. 
Amphiehilus .. .. .. 150, 168, 175, 353. 
GEG). e ο. 175, 177 
Πακ Πε ορ e ος Ἱπο μή 
πιο]ιηεν.............. 175, 901 
πππ!]ορῖς...................: 145, 353. 
INGEN, pa moens eere 146. 
tenuis Me 146, 361. 
Amphilimna...... 150, 165, 168, 178. 
αμ νε... 178. 
Amhiroonc n MP 151, 165. 


Amphiodia ..151, 165, 166, 167, 168, 
172, 174, 182, 199, 
352, 378. 





digitula Sete iia ss Baws hes Way, 30819); 
ΕΠΠΌΒΕΘΙΘ PE 182, 354. 
TENG cooccOoq UD OUO 173. 
EMA Meu TEE 184. 
Προ ο το 182, 361. 
Amphiophiura. .5, 234, 248, 249, 961, 
262, 266, 353. 
Abos me cc 2 ae 262. 
übditame ce ο T 261. 
ballata νο cce ot E 261. 
convexa ...... 261, 262, 268, 356. 
distincti RR. 261. 
Dadra a e 262, 266. 
Improve aa A eo agae 261. 
insolita maa T 261. 
μα T RE 261. 
lapidatiann cce 261, 263, 265, 363. 
IH Key eR ERE 261. 
laudata ec MR 261 
liberatos coe ο NM 261 
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OMRIN L0 TR 95, 101, 386. 





9, 97, 101, 102, 310, 
911, 316, 968, 375, 


ordi e 101, 102, 555. 
Caste to 101, 102, 310, 360. 
πρ... 101, 102, 108, 360. 
littoralis m E INT 101, 316. 
E στ CES 101, 316. 
operenlata ee e e e a eS § 101. 
papillata ....... 95, 101, 310, 386. 
perdas e ods anes 101. 
Ophiolipns a ae DE EOD 235. 
Ophiologimus ..4, 91, 92, 95, 97, 353, 
369, 375. 
INGRAM) on eo cen ewe . .99, 360. 
Ophiomastix ..... 941, 343, 348, 353. 
annulosa . .842, 348, 350, 358, 366, 
391. 
lütkeni....342, 348, 349, 358, 366. 
WHER, coo asec .. 842, 848, 358, 366. 
Ophiomastus. . 234, 236, 237, 378, 382. 
Secun us "τ 237. 
Ophiomaza -........- 215, 217, 353. 
CACA ONICHA gan ας M eras 230. 
JANN Nell erc 227, 362. 
κ) ce ese eee ere er cee 230. 
obscura .... .. T€ 250. 
Ophiomeden ak a r 93. 
Ophomidas PE 235. 
Ophiomisidium. . . .284, 237, 378, 382. 
Ophiomitra ........ 94, 99, 181, 353. 
ncontephor EID C 
byihiaspis ΤΘ, 361. 
ομποοποπρυ μμ”... 190. 
codonomorpha .......... 106, 109. 
icy. cl ret [30 
CMB eI) 8T ()? 
AMM Gl AMM ET. LI oa oo 106. 
libros 144, 126 
πη ο ο... 191, 961. 
πιοορηπίας............ 106, 110. 


NOMANTE NN 106, 109. 
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polgaeaatlia essem 189 
Ophiomitrella . . 93, 98, 103, 109, 353. 
HUNG 5 coaeunscg omen UO 106. 
anon er ood 106. 
ΠΑΟ oo EE E 106. 
αμάν ο ου E EID 105. 
ποεῖ... ee fi SCENE 106. 
polyacantha ........ 103, 106, 560. 
stellifera ..............108, 360. 
Ophiomeris .......... 139, 140, 353. 
ODSUC CA 140, 143, 357. 
[DUOIGCLA PE 199, 140, 141, 361. 
ρποο nae r 
Ophiomusium ... . 285, 238, 283, 284, 
353, 378, 382, 383, 
389. 
cancellatum .... 238, 285, 291, 356, 
389. 
GIXHOSQIUM ME 284, 289, 363. 
jolliense e TT TT 285, 291, 359. 
laqueatum.......... 285, 291, 358. 
lunare 6 cos coneanoe 284, 289, 358. 
πο... 285, 290, 358. 
μπα ---. 284, 289,356. | 
Sa COLI e ETT 288. 
Scalare NR EE ETE 284, 285, 356. 
Sunplc Jg errea 284, 988, 358. 


trychnum.. . 238, 285, 290, 363, 389. 


Ophiomyces ....92,97, 353, 809, 375. 
AEULECLOSTIS® T TTE 90; 
SOMME ---- 99, 360. 

(nohomyüusg ore TREE 


Ophiomyxa. . 3, 9, 19, 16, 91, 352, 369, 


SiL. 
ΠΕΡΑ ΟΗΠ ΓΙΑ ROSTER TOO o o cero ie 
australis ........ 10, 19, 356, 384. 
ΠΕ ΠΕ. Re S lr 10, 376. 
(Dphioncu mee" TN — ῬΈΡ 309. 
Ophionema .......... 151, 165, 169 


| 
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Ophionephthys 
phalerata 
Ophionereis. .326, 427, 328, 333, 334, 
337, 353, 390, 391. 


..-151, 165, 194, 208. 


ananlata 2...ocosoonoso 327, 390. 
απο... 334, 336, 337, 940. 
eurybrachiplax...... 334, 336, 359. 
porrecta ...... 334, 338, 340, 358. 
ιοἰου]αέη.............. 327, 390. 
Smensis t... Saas 334, 336, 363. 
squamata oae. ο ee 995. 
variegata ο eee 335. 
ρμοπο ο PEE 235, 268 
hesaets... REUS 
Ophiopæpale e 304. 
ΡΟΘΒΙΑΠΑ soseo οσα 905. 
Ophiopallas ..................304. 
Ophiopeltis .............. 165, 194. 
Ophiopenin 292-22... 235, 283, 352. 
disacantha ............292, 355. 
Ophioperla ..............285, 268. 
Ophiopeza le a . — 
danbyl oe E 319. 
χι we ec ο TT ETC 333. 
Ophiopezella --υ-υ-υ-υ-υ-ᾱ--ιοιο 
Ophiopholis . . . .3, 150, 153, 159, 352, 


372. 
aculeata .. . 151, 152, 159, 161, 162, 
854, 387, 388. 
brachyactis ....160, 163, 361, 365. 
japonica . . . 160, 162, 163, 164, 354. 


mirabilis ......159, 160, 361, 365. 
Ophiophragmus. . . 151, 165, 168, 353. 
as ο ο ο... 184. 
adem) :....' eae sass ee 184. 
japonicus . . 151, 152, 188, 361, 387. 
periexetus d 9 ee 184, 185. 
prestans ... 0 E 184. 
Ophiophrixus ........ 9, 39, 25, 353 
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πας E eo edaa ere < 24, 359. 
Ophiophrura .......... .98, 97, 353. 
liodisea ἕπτ... E 99, 360. 
Ophiophthalmus . .. .98, 98, 106, 107 
137, 358. 
ATCT noo Ῥω 106. 
cataleimmoidus .....106, 107, 108, 
555. 
eodonomorpha . . 106, 107, 109, 360. 
QUI AC ON, ---- ος 106. 
Τ!..“:.....ο.... LOG, 
hylacantha ... «106. 107, 109, 360. 
ἱ πρπίαπρ jon caoanene . 106. 
leucorhabdotus . 106, 107, 109, 360. 
microphylax . . . .106, 107, 110, 360. 
SUE GUS Tene Ree Menu 106. 
normani ...... 106, 107, 109, 354. 
ΕΠΕ 5.5.05 wee T τ. 106. 
erene MR ETET 106. 
Ophiophthyreus ............ 215. 
Ophiophycis.......... 234, 237, 382. 
Ophiophyllum ........ . 285. 
Ophioplax ....308, 326, 398, 353, 381. 
Ὁπο οσα ο Cite EE a LU. 338. 
lamellosa . . 316, 327, 330, 363, 390. 
οπή. Ε 338. 
TORIS, oc τοσο 333. 
Ophioplenia νε... 235. 
Ophioplinthaca ........ 94, 99, 353. 
eardiomorpha ..........180, 361. 
OED, Loncch eee 124. 
Ophiopliothus ........ 235, 236, 237. 
ποπ 237, 388, 389. 
Ophioplocus. . 235, 284, 301, 858, 889. 
imbricatus .... 301, 302, 303, 358, 
9606. 
japonicus . . 238, 301, 302, 363, 389. 
ἱροσο]ρ μμ ο... 301. 
Ophioplis m. e c ee 139. 





AVALS 52... tO S 139. 
Ophiopora ........: 93, 97, 100, 353. 
Ελ e l.l c NS 100. 
megatrema ........... 100,360 
pparucispuno --- 100. 
(OphiopsStsN e ΗΠ 93. 
(DobjopSUn MC): 
TU M E c 216, 217. 
Ophiopsila ....4, 341, 342, 378, 391. 
ΕΙ d er M 342, 391. 
Ophiopteris re. see ee 341. 
(Dohiopteron ''ά,ὰάἆὗ νην. 215. 
Ιον ------οθποπὸ 
nucbcn EOD 
OPOP rE NR a a A 304. 
loneispiDnus eee eee Us: 
Ophiopyrgus ..... 234, 262, 382, 383. 
(nphwoscaludq e e 93. 
Oplhioschiza ΗΕ, o 
Ophioseiasma.. ........ 3, 8, 91, 369. 
ρπίο-ουες,. eee 9, 14, 62, 372. 
eleeialis c eee a ee 11. 
Ophiosemnotes ....5, 93, 97, 99, 135, 
136, 352, 375, 376. 

brevispina ο ο --- 196. 
ΤΕ ο οσα ο πο αρα eee 196. 
diaphora μμ -- 136, 138. 
cedidisea. . .. 96, 136, 137, 861, 365. 
ppaehyboctr DN], [jd 
Ῥοποιαρη MM 136. 
ο... 136, 137, 198, 355. 
Ophiosmilax ...------»ο-οο 9, 24, 353. 
mirabilis ....11, 25, 359, 384, 385. 
Ophiosphera Ἠ.....,...... 216. 
(Πιο ο ee e e 234. 
Ophiostiba . .3, 9, 12, 13, 91, 353, 369. 
Iudeis 11, 14, 359, 384. 
Ophiostigma ..... 151, 165, 168, 179. 


TONROSHEEREE T. r 178, 179. 
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Ophiostyracium . . .... 8, 12, 353, 369. 
trachyacanthum.. ........19, 359. 
Ophiosyzygus........ 8, 12, 353, 369. 
disacanthus aee ------- 13, 359. 
Ophioteresis ο ο amare 216. 


Ophiothamnus....4, 91, 94, 99, 123, 
124, 125, 353. 


r 2.22 SEL 126. 
XI USE. o ae ETE EE 123, 130. 
απ ο e ο 125. 
habrotatus ........ 124, 126, 360. 
| VIS RE ETT 123, 130. 
TRIS S IEEE SE 124. 
TOMO Sige I TCR UE 126 
αμα posce coo ee ang ooo cdd L30 
πει.» 94, 126, 361. 
WIE ος I E 94, 126. 

Ophiothela .......... 216, 217, 353. 
Sr v s 217, 230, 232, 357. 
Trigo luti re 23 
isidicola e a ------ 25159392; 
NOI. ο... 231, 232. 

Ophiotholia Pr 92. 

Ophiothrix ..212, 215, 217, 218, 353. 
cala phracta een eee ieee 224. 
cheneylc 3 DE 220 
ciliaris C T e e 224. 
GIASSISDIn; MU 222. 
CUA D 218, 929, 362 
galapagensis. ae 223. 
hirsuta ... .219, 225, 226, 357, 366. 
Ππ]οαες sca. ae EE 221. 
koreana ..156, 217, 218, 220, 222, 

357. 
longipeda...... 219, 227, 357, 366. 
macrobrachia ...... 218, 222, 362. 
marenzelleri ...... 218, 220, 362. 
nereidina...... 216, 217, 218, 224, 
357, 366. 


CINE --- 219, 225, 357, 366. 
panchyendyta ...... 218, 219, 362. 
punctolimbata...... 219, 226, 357. 
stabilis a 218, 224, 362. 
stelliger me oc os eee 220. 
ΠΙΑ ΡΕ“ 200. 
Ophiothyreus ....... MT 235. 
Ophrotjallu cec 235, 2608. 
(Ῥομιο ορ... 93, 375. 
Ophicwema ον... 98, 100. 
albert... CETT EETT 100. 
(phyotreto M 317,318. 
(Oohiotrichoidcsm PR PR 215. 
Ophiotrochus ....304, 305, 353, 382, 
383. 
lonoispinus μυ 307, 363. 
(ohiotvo ο-οοο--οοο 234, 237, 382. 


Ophiozona ..148, 235, 282, 292, 293, 
298, 336, 381, 389. 


"ιν. ο οδό ος 294. 
sutil T 294. 
bispinosa ame E T ANN 294. 
CAPENSIS oa E 268, 293. 
ΙΝ. η. IIS 294. 
clypeata νο καλο ο... 
conto e aauc HERA uoc 294, 
depressa cce sos cones 294. 
elevata ο OE 291, 295. 
Zy NOPOL MM 247, 292. 
impressa .......... 238, 298, 389. 
inermis. eee an ρρος 267, 293. 
insulari ντ TUE 294. 
που”. . 294, 297. 
marmoren eoor T ET LL 294. 
media. ο ος e E TUE 294. 
"olestie CCELI ee SE. 
NIVEA ees: ο oia 294. 
ποπ μμ”... yos 298. 


παμε... ooe 294, 295. 
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polyps... oce er. 20d, 296. amphitnitcsg M 267. 
DUONG so 6 e 294, 295. πιο ο ο 900, 950. 
stellata ...... PP Tru UM 294. Εμ cR 201. 
επι ο ο πα 294. BS Delamere aera ce eee 268. 
νη...» ον. 294. nuncii ec rua cL ES 268. 
Ophiozonella . .5, 235, 238, 283, 293, Παρα 267. 
294, 336, 353, 381, ΟΕΕ ρου ο crs 268. 

989. pracliyaciis e" 254, 260. 

bog σας 294, 297. REWIND, Gesdosouogen cscs 267. 

amola aa rr gd. calyptolepis ....268, 270, 281, 363. 

I OINTS cosuposmeandenosss 294. Capensis wv rr 268, 293. 

CAS μμ cc reece ware ea 294, — carnea e t a ern M 261. 

CINDE NLA ..............----.-.....--- 294. οσο ανα... 266, 267. 

contien IE E pud clemens ο πο... 268. 

ορια ο... ee a CONCIEt et ec. 268. 

elevata a... ποσα σο ες 295, 368. COSI eet weiss stern see 268. 

msumari ee ee a e He 294. cryptolepsis . . . .268, 270, 281, 354. 

longispina .... 238, 294, 295, 297, et aaa e a 268. 

363, 389. flagellata . .266, 267, 269, 273, 356. 

ONE cere 294. ΛΙΠΗ, ποσο M ERES 268. 

πηρα UD E OD 203. ὩΙ bon) sca 249, 258. 

πο] κο... 294. hadra ο e 262. 

RU CUM οσο πο 294. imbecillis...... 267, 269, 276, 358. 

πιπιπαί-ον ......... 294, 295, 368. merassata ο ρα M E 318. 

polyplax ......204, 295, 296, 363. πο, ο EN 267. 

ποιοῖ... 294, 995, 358. üncbnils Pee cscs ce wu no AO 

αι oce T COE TETTE 294. irrorata ..249, 268, 270, 277, 280, 

πο ο ο... 294. 356. 

E e ee ea ee 294. Jeana ect 268. 
Oplnozoncida meee e re 235. kinbergi . .237, 238, 267, 269, 971, 
Ophiura. .235, 247, 248, 249, 266, 268, DOS 

275, 282, 305, 352, lepide. 267. 
382, 389. 3 leptoctenia ....268, 270, 277, 354. 

DGCIVAUDM E οσο ATE 267. ἱμποπιομυ ο -- 267. 

BEGUM pn ο 267. acipa a 227. 

atini S x e Le. 267. E rco 268. 

albata ma a a 268, 270, 281, 363. MRE oaan τοις ene 267. 

alida e S 267. μμ... .-- 238, 268. 


Eun ape ο πο... 268. maculata ...... 267, 269, 276, 355. 
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MNCGAPOMAM c σοι ος 262, 264 
ππειπηιοπεῖιαν........... E. 267. 
micracantha.. . . 268, 269, 276, 363. 
monostœcha. .. . 268, 270, 981, 363. 
TOMO, cc e choc 268 
Ee E a OU Oe 268, 280 
παω o o oeo a ο SS 224. 
MOROSA cos S II 254, 258. 
OPIA a aee EID 261, 263. 
Coplas νο. 268, 269, 275, 363. 
OPIN, coe ceavans ous BOY, AOS 
papillata ο ο ο 267. 
paucisquama . «208, 270, 278, 363. 
penichrge cce 262, 264. 
plano ee 268, 280. 


pompophora............261, 264. 
ponderosae. o e e eee. 
quadrispina ....268, 269, 275, 355. 


TODA NM ο ΜΜ ec 118. 
robust CT 207 
tusos Ce en Ghee E 268. 
sarsii eea a 267, 269, 272, 354. 


scolopeandrina -< -roar JAA. 
SANA osos atanena aaa aa aa E 


Ε.Ε. e E 265. 
ο TS ES 258. 
Αρ ee eee 254, 259, 260. 
ΙΙ 3 ETT TT 954, 
"BW qo PEN P ou: 268. 
ποπ er M 267. 
undulata : MUR 2085 
IE GOSS ον... 268. 
@plmubases SEE a 139, ΗΟ, 
OWSSHIGHES a aaa ee o eaa 140. 
OPN ος πο οσοι. δες 911. 
Ophiurochata . . 5, 308, 311, 816, 380, 
890. 
littoralis “32.22: .... 101, 916, 


nn via PET 101, 309, 316, 390. 





. .4, 5, 808, 310, 311, 
312, 353, 380, 390. 


Ophiuroconis .. 


OUTTA). «os nooo Hoe 312, 314, 390. 
monolepis...... 309, 312, 316, 363. 
pulverulenta............ 312, 314. 
Ophiurodon ... .4, 308, 310, 311, 314, 
353, 880, 990. 
GINGA... ο ο Ge EE 315. 
CHDIGH. ο ο a ον 315. 
grandisquama . .309, 315, 316, 358, 
390. 
PRA c pq ME 315. 
Ophiurolepis ... . 235, 249, 281, 282. 
carinata ss -- 238, 282. 
ρήτορα μα RET TR T TII 28. 
Ophiurothamnus . .. .94, 99, 125,129, 
353. 
Micycluc EM 190, 361 
exionus Is 
levis 6 een eth NER 130. 
Stultus cmo DE 130 


Paramphiura ........151, 165, 169. 
Pectinura .. .. 309, 311, 312, 319, 353. 
MOM EM 309, 322, 363. 
Cyling in) Coleen 322. 
danbvi ος ο. NM 319. 
gorgonia ο c NM 323. 
infernalis πο. 324. 
intermedia ... a 502229297 
marmora EE DS 
ramsayi ess. T CER ο ος 
similis CCP TE). 
Hu sese eee «οσο ες odi E 
velustas c ET ELE 328. 
Sigsbela® 2.2... 1.5425. eee ΜΗ 
Stegophiura. . 234, 237, 248, 268, 254, 
352, 889. 
brachyaetis ........ 254, 255, 260, 
362, 365. 
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elevate EE ο e 954, 

nodosa nm 254, 255, 258, 354. 

οοπρίς........ 254, 258, 362, 365. 

sladeni ... .237, 254, 255, 259, 362, 
365, 389. 

sterea ....237, 254, 255, 258, 362, 
365. 

Giu goes οσας 254, 255, 362, 365. 


ivl par; 52 ooac 254, 255, 362, 365. 
Sthenocephalus ................ 28. 
Trichaster....4, 28, 30, 32, 35, 37, 54, 

55, 353, 386. 

elegans. . .. 50, 37, 38, 55, 356, 366, 

385. 
ορ rs 9T. 

palmiferus’........ 97, 38, 39, 356. 
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